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L. INTRODUCTION 


The history of the breeding of ornamental plants owes much of its complexity to the 
great number of kinds involved. About 400 botanical species of bulbous and tuberous 
plants are grown in the Dutch bulb district; almost any of these has at some time been 
improved by selection, while many have been crossed with other species. Consequently, 
in some of the most popular and variable species, varieties are now numbered by the 
thousand. Even the hyacinth, where all forms arose from one species with a limited 
variability, has produced some 5000 varieties that have at some time or other been in 
cultivation. The tulip, the daffodil and the gladiolus all far exceed this number. 

Such variability, by no means uncommon in ornamental plants (at least in those prop- 
agated asexually), is unheard of in other horticultural crops except the apple, and 
perhaps the pear. 

There are several reasons for this. In the first place, in ornamental plants — where the 
problem of cooking does not arise — something new is not only readily accepted, but 
even holds a distinct advantage over that which is well known. Here variation is more 
highly appreciated than in any other crop. Secondly, ornamentals are more subjected 
to the trends of fashion. In the 18th century, only double hyacinths and broken tulips 
were appreciated, and not until the end of the 19th century did the taste for a more nat- 
ural flower become prevalent. Indirectly, fashion influences the requirements for or- 
namental varieties in that it frequently affects the plantings in parks and gardens. Orig- 
inally, bulb flowers were enjoyed individually. After 1800, they were used on an in- 
creasing scale for flower beds. Towards the end of the century herbaceous borders be- 
came popular. In the third place, the advancement of science and technique makes 
new ways of using ornamental plants possible and thus often creates a new demand. 
Well known examples of this are early forcing, now the main outlet for bulbs, and the 
“preparing’”’ of bulbs for export to the Southern Hemisphere. 

There are few ornamental plants whose breeding history is so well known as that of 
flower bulbs, especially since Dr KRELAGE’s monumental work “Drie Eeuwen Bloem- 
bollenexport’” and recent papers of the John Innes Horticultural Institution. All histor- 
ical facts mentioned in the present review are taken from these publications. 

It will be evident from what has been said in this introduction and from the size of 
KRELAGE’s book (791 pages) that this review had to be subjected to severe limitations. 
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Tulip, hyacinth and daffodil, traditionally looked upon as the three main crops of our 
bulb district (although both hyacinth and daffodil have now been surpassed by the 
gladiolus) were chosen to illustrate the general trends and some of the details of bulb 
breeding. Even for these plants only the barest outline of the breeding history could be 
given. Many interesting details had to be passed over; several important breeders have 
not been mentioned. Generally, the review deals with the leading varieties only. 


2. THE TULIP 


When CONRAD GESSNER in 1561 published the first picture of a tulip that he had seen 
flowering in a garden in Augsburg two years previously, this kind of plant was new to 
Western Europe, but it had already been grown and bred for a long time in Turkey and 
Persia. This explains the enormous wealth of forms found among plants grown from 
seed of early importations; it also explains the curious fact that it has never been estab- 
lished with certainty which species had furnished all these different types. 

The most important of the early propagandists of the tulip was CAROLUS CLUSIUS, 
whose writings on this flower have recently been translated into English (1). He spent 
the last part of his life (1593-1609) in Leiden, and no doubt this was one of the main 
reasons for the development of tulip growing in this neighborhood. Rarely has a 
flower been so enthusiastically received. Wealthy amateurs competed in assembling 
tulip collections, and consequently, high prices were paid for new or rare varieties. For 
a while, this led to the tulip becoming an object for speculation, culminating in the 
famous “Tulip Mania” of 1636, when prices rose to fantastic heights, to crash sudden- 
ly in February 1637. However, this did not spoil the market and the tulip remained the 
queen of the bulb flowers for the whole of the 17th century. After 1700 it was over- 
shadowed by the hyacinth, but it retained its importance and at the end of the 19th 
century became the dominant genus again. 

During its early history, the bulbs were sold singly, as the flowers were admired in- 
dividually. Only flowers with “broken” colors, that is, flamed or feathered, especially 
those with violet or red stripes on a pure white ground were admired. Our ancestors 
knew that these forms arose from plants with plain colors which they called ““mother” 
or “breeder” tulips; what they did not know, is that this phenomenon was due to virus 
attack. For over two centuries almost all important varieties were diseased; the only 
exception being those whose flowers had a white or yellow edge (which as a rule found 
only moderate appreciation), and the ““breeders’’, which were only kept because their 
flowers could “break”. At the beginning of the 19th century, when short-stemmed 
tulips began to be used for flower beds, some breeder tulips appeared on the market for 
their own sake, but not until about 1870 did they surpass the broken ones. The final 
triumph of the plain colors was reached towards the end of the century, under the in- 
fluence of a fashion that preferred loose, natural flowers; the increasing use in gardens, 
where herbaceous borders had been added to the formal flower beds; and, above all, 
the glowing colors of the new Darwin Tulips. 

In the mean time there was a steady increase in the demand for tulips for early 
forcing and eventually this demand surpassed all others. This caused an even greater 
revolution in the collections of varieties than the trends of fashion. Since about 1910, 
one of the main requirements for a tulip is that it can be forced early and easily and 
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only a variety that meets this can belong to the top group. 

This group for early forcing is very limited. Twenty varieties with their “sports” 
occupy about 72 % of the whole tulip area in the Dutch Bulb district. However, the 
number of varieties grown on a more modest scale is still enormous; some 1300 are 
mentioned in the 195152 registration. It is evident, that some system is needed so 
that this multitude can be surveyed. 3 

The division into early and late flowering varieties, already used by CLusrus, is 
followed to the present day. The modern subdivision may be found in the Classified 
List of Tulip Names, where the first group is split into Duc van Tol, Single and Double 
Early Tulips, followed by Mendel and Triumph Tulips, which are midseason varieties. 
The second group is split into Cottage, Dutch and English Breeder, and Darwin Tu- 
lips, all with a corresponding “broken” class, Parrot Tulips, and Late Double Tulips. 
An additional group embraces species and first crosses between species. This division is 
rather puzzling to the layman, the more so as new hybrids bridging the gaps between 
groups are being constantly introduced. However, the system has gradually developed 
during the long breeding history of the tulip, and it appears to be at least fairly satis- 
factory in practice. 

In the 195152 season, early tulips occupied only 21% of the total tulip area of 
2009 ha, although during the whole of the 19th century, in fact up to 1934, they were 
the most important group. 

Among single early tulips, the most important varieties are Brilliant Star 
(scarlet, awarded 1908), Ibis (deep rose, a. 1908), Couleur Cardinal (scarlet, outside 
plum-color), Generaal de Wet (orange), Keizerskroon (red and yellow) and Prince of 
Austria (orange scarlet, 1860). Two of these are very old: Keizerskroon is mentioned in 
1750, Couleur Cardinal in 1815. Of the others, Generaal de Wet is a mutation (sport) of 
Prince of Austria, while Ibis is a sport of White Hawk, itself still an important variety. 
As there are other mutations of these two varieties in cultivation, the White Hawk 
“family” now covers 19 % of the whole area the Prince of Austria “family” 13 %. 

Mutations play an even more important role in double early tulips. Here 85 % 
of the whole area of 286 ha is covered by sports of the variety Murillo, bred by G. 
LEEMBRUGGEN in 1860. From this form with white flowers, flushed with pink, about 60 
mutations are now cultivated, in an amazing range of colors. The most important of 
these are Peach Blossom (deep rose), Mr van der Hoef (yellow), Orange Nassau (blood- 
red) and Electra (deep cherry-red). J 

The most important late flowering group is that of the Darwin Tulips, which 
occupies about 845 ha. This group had its origin in Lille. As early as the 17th century, 
tulips were bred by both amateurs and professional growers in Flanders, especially in 
the neighborhood of Lille and Tournai. Many times their varieties were imported into 
Holland, where they were much admired. By 1885, however, all but one of the famous 
tulip collections of this region had disappeared. This last collection, that of LENGLART 
and TRIPIER, and consisting of 800 broken and 3000 breeder varieties, was bought by 
J. H. KRELAGE, who had been impressed by the beautiful colors of these varieties, 
ranging from light lilac to deep violet, from soft pink to fiery red, and from brownish 
red to black, and far surpassing the dull colors of the Dutch breeders. The new group, 
baptized Darwin Tulips in 1889, soon dispelled the scepticism which it had received 
especially in England, and not only found wide appreciation, but did much to awaken 
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interest in other breeder tulips and even in the tulip 
in general. Today the seven most important varieties 
are: Rose Copland (fuchsine-red), Bartigon, William 
Pitt (both cochineal-red), Princess Elisabeth (rose), 
Campfire (blood-red), Philip Snowdon (crimson car- 
mine), Prunus (purplish pink with a white edge) and 
All Bright (crimson carmine with a light red edge). 
Rose Copland is a sport of the pale magenta William 
Copland, for years the leading variety because of its 
exceptional suitability for forcing, although it is 
worthless in the field. This was a KRELAGE seedling, 
as were Bartigon, William Pitt, and Princess Elisa- 
beth, all of which belonged to the offspring of the 
fiery red Flemish tulip Princesse Aldobrandini (bred 
by DEZANGREÈ, of Louvain from L’Astre fulminant, 
which he had bred in 1830). Campfire, Philip Snow- 


J. H. KRELAGE É ' 
1824-1903 don, Prunus and All Bright are all Bartigon sports. A 


One of the most prominent bulb closer study of the statistical data reveals that Bart- 
growers of his day. Although not _igon sports cccupy 26 % of the total Darwin Tulip 


engaged in breeding work himself, rea, while William Copland sports account for 
he greatly enriched cultivated varieties 


Benet eID another 23 Vor It should be mentioned here, that by 
Tulip. (Photograph by courtesy far the most important variety of the Rembrandt 

of Dr E. H. Krerace) Tulips (broken Darwin Tulips), Cordell Hull, is a 
“broken” Bartigon, and that the group of the Parrot Tulips (characterized by a 
laciniate perianth), which has a long history, is now dominated by mutations from 
Darwin Tulips. Its most important representatives are Fantasy (salmon pink, Clara 
Butt sport), Red Champion (Bartigon sport), Bleu Parrot (Bleu Aimable sport) and 
Orange Favorite (a sport of the Cottage Tulip Orange King). Pure white and yellow 
were lacking in the original collection of Darwin Tulips. The firm of E. H. KRELAGE 
& Zn therefore crossed them with white flowering late tulips of other groups. The 
most important varieties that arose from this work are now Albino and Carrara. They 
are classified with the CottageTulips; an important white variety that is considered to 
be a pure Darwin Tulip is Zwanenburg (VAN TUBERGEN Ltd). N, DAMES was the first 
to breed yellow Darwin Tulips from crosses between the black La Tulipe noire and 
the yellow Cottage Tulip Bouton d’or. 

To increase the “forceability” of the Darwin Tulips, the firm of E. H. KRELAGE & 
Zn, with J. F. Ch. Dix doing the actual breeding work, from 1909 onwards crossed 
members of these groups with the very early Duc van Tol Tulips. The offspring had 
shorter stems and a smaller leaf surface than the Darwin Tulips, could be forced earlier 
and easier, and was eminently suited for cut flowers. A great number of varieties was 
introduced during and after 1921 under the general name of Mendel Tulips. In the 
195152 season they occupied 377 ha; the most important varieties, Krelage’s Triumph, 
(erimson-red), Van der Eerden (lincoln-red), White Sail and Early Queen (solferino- 
red), were all won by the firm of KRELAGE. 

Another fairly recent group is that of the Triumph Tulips, introduced in 1923 by 
ZANDBERGEN, who had bought it from the breeders, the firm of ZOCHER & Co. It pro- 
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bably arose from hybrids between Darwin Tulips 
and Dutch Breeder and Cottage Tulips. Its va- 
rieties are more or less in between Mendel and 
Darwin Tulips. In the 1951/52 season they co- 
vered 261 ha. The most important are Edith 
Eddy (carmine purple, edged white), Korneforos 
(brillant earmine) Elmus (cherry-red, edged white) 
and Kansas (white). Elmus was bred by J.F. VAN 
DEN BERG; the others were among the original 
seedlings of ZOCHER & Co. 

The groups mentioned have surpassed the old 
Dutch and English Breeder tulip and the greater 
part of the Cottage Tulips. The only important 
Dutch Breeder is Dillenburg (orange-terracotta, 
VAN TUBERGEN, Ltd, a. 1930). The prominent 
varieties of Cottage Tulipsare Golden Harvest 
(lemon yellow), Princess Margaret Rose (yellow, 
edged orange-red), and Albino, already mention- 
ed. Princess Margaret Rose is a sport of the old 
but still prominent variety Inglescombe Yellow, 
one of the very few extensively grown varieties 
that is not of Dutch origin: it was bred by W.T. 
WARE of Inglescombe, Bath. Why all prominent 
Breeder and Cottage varieties are yellow or white, 
will be evident from the discussion of the Darwin 
Tulips. A distinct group, but still classified with 


TH. M. Hoog 
1873-1948 


For many years in charge of the 
breeding work of the firm of C. G. 
van Tubergen, of which he was one of 
the directors. He obtained several out- 
standing Tulip varieties, among which 
the Darwin Tulip Zwanenburg and the 
Breeder Tulip Dillenburg. Of equal 
importance was the work he did: with 
other plants, i.e. Freesia (Buttercup. 
Apotheose), Gladiolus (Herald G., G. 
harlemense a.o.) and Iris (1. regelio- 


the Cottage Tulips, is that of the Lily flowered 
varieties, characterized by flowers with a distinct 
““waist’” and more or less pointed petals. It originated from crosses made by J. F. 
Cr. Dix of Darwin Tulips with the old variety Retroflexa (VAN DER VINNE). 
Alaska (yellow) is one of the most successful of these seedlings. Later, excellent varie- 
ties were bred by VAN TUBERGEN Ltd, e.g. Marcellina and Stanislaus. 

The most spectacular new development in tulips is the group of hybrids of Tulipa 
Fosteriana. This species was imported from Bokhara in 1904 by the VAN TUBERGEN 
firm. It proved to be very variable, and several varieties were selected from it, the most 
important of which was Mme Lefeber. Presently, it was crossed with Tulipa Greigii and 
with Mendel and Cottage Tulips. The most remarkable results, however, were obtained 
by D. W. LEFEBER & Co who hybridized T. Fosteriana with Darwin Tulips. The seed- 
lings of this cross resemble the mother plant; those that have 7. Fosteriana as the fe- 
male parent (Czardas, Galata, a.o.) are classified as Fosteriana-hybrids, the others 
(Hollands Glory, Lefeber’s Favorite a.o.) as Darwin Tulip-hybrids. Most have the big 
flower and the fiery orange-scarlet color of T. Fosteriana, and especially the long 
stemmed ones surpass any tulip known so far, although many consider them a bit too 
“loud” and missing something of the charm of many of the older varieties. 

It will be evident from the historical review that — apart from the fact that one has to 
have them in flower simultaneously — the hybridizing of the different groups offers 
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little difficulty. Apparently most varieties have the same number of chromosomes. In- 
deed the rather scanty cytological data indicate that polyploidy did not play an impor- 
tant role in the genesis of the modern varieties. Murillo and Bartigon are diploids with 
24 chromosomes. There are some triploids; Inglescombe Yellow is an example. One of 
the oldest varieties still grown, Zomerschoon (1620), is also a triploid. Tetraploids have 
not yet been found (8). 

In this review the importance of mutations has been pointed out to show that many 
divisions are dominated by groups of sports of one or a few varieties — in fact, more 
than two thirds of all tulips grown belong to 20 varieties and their sports. 

This leads to the following considerations. In the first place, these few varieties must 
be almost perfect, and it will be very difficult to surpass them. As WELLENSIEK has 
pointed out (9), this state of affairs occurs in many other horticultural crops too, for 
instance in the apple, and he suggests that the best way for further improvement is by 
the method of repeated back-crossing. The tulip probably is a very good subject for 
this method, although it presents the same difficulty as arises with the apple, namely 
the length of time between sowing and flowering, which with usual methods of cultiva- 
tion is five to eight years. It would be of great importance for the development of ratio- 
nal breeding methods to study the juvenile phase to find out if there are any ways to 
shorten it. 

In the second place, attention must be drawn to the fact, that some varieties show a 
high frequency of mutations, while others sport rarely or never. There are two possible 
explanations for this. In the first place, a mutating variety may possess “mutable” 
(“unstable”) genes, or, it may have a “gene (or genes) for mutation”, that is, a gene 
that causes others to mutate. The writer suggests that it might be worth while to cross 
these mutable genes or the genes for mutation into an ““almost perfect” variety. A late 
tulip like Rose Copland that threw sports in almost any color, like Murillo, would seem 
an extremely important acquisition. However, it would take a long time to judge which 
part of a certain generation sported, and the whole project would take fifty years or 
more — so probably all this is just a theoretical speculation. 


3. THE HYACINTH 


The hyacinth differs from both the tulip and the daffodil in that all cultivated varie- 
ties stem from one species, Hyacinthus orientalis. Indigeneous in Asia Minor, it was 
imported into Western Europe shortly before 1568, when it was pictured by Dopo- 
NAEUS. At that time, blue, white and purple varieties were known, double flowered 
ones were described in 1612. 

During the 17th century the hyacinth was obscured by the tulip, and the number of 
varieties did not expand much. About 1700, however, it suddenly came into fashion, 
and remained the queen of the bulb flowers until-about 1890. For a short while, from 
1720 to 36, prices rose so high that a repetition of the Tulip Mania was feared. In the 
18th century, bulbs were sold singly, even after the “scooping” had been invented 
about 1715. New varieties were bred by wealthy amateurs, who devoted part of their 
gardens to the sowing of hyacinths, selling their “conquests” to the professional gro- 
wers. Pink and reddish flowers were mentioned in 1709; yellow ones did not appear 
before about 1760. For the whole of the century and until far into the next, double 
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flowers were more highly appreciated, and consequently were more costly than single 
ones. At the high days of the hyacinth over 2000 varieties were grown. It was a com- 
mon practice to sell collections of 50 or 100 bulbs, each of a different variety. After 
1815, prices were much lower, but bulbs were sold in ever increasing quantities. In the 
second half of the 19th century, the double varieties gradually lost their appeal. In 
1900 there were only a few collections left; the world war did away with most of those. 
The number cf single varieties also decreased, as an increasing proportion of the bulbs 
were used for forcing. After NICOLAAS DAMES had demonstrated in 1910 the results of 
a pretreatment of the bulbs after which they could be forced into flower before Christ- 
mas, only varieties that were well adapted to early forcing were kept. 

Yet many of the leading varieties of the present day have a long history. L'Innocence, 
the white variety that in the 195152 season occupied 19 % of the whole hyacinth area 
of 427 ha, was a “conquest” of the famous breeder of hyacinths VINCENT VAN DER 
VINNE, who sold his stock in 1863. The leading varieties among the pink and red ones, 
Pink Pearl (1903) and Jan Bos (1910), are of more recent origin, but they surpassed 
Gertrude (VAN DER VINNE 1850) and La Victoire (1875) only a short while ago. Bis- 
marck (D. J. ZIEGELER, about 1875) is the most widely grown blue hyacinth, but Ostara 
is rapidly advancing. City of Haarlem (KERSTEN 1893) dominates the yellow ones. Of 
the purple varieties, which are of little importance, Lord Balfour (J. VAN DER VELDT, 
before 1905), may be mentioned. The merits of these varieties have not always been 
recognized immediately. The stock of [Innocence was sold in 1863 for f 15.36 (about 
$ 4); Bismarck is one of the varieties that only became known after 1910, when they 
proved to be eminently suited for the new forcing methods. 

Mutations do occur in the hyacinth, but they are not of such importance as in the 
tulip. The best known example is Queen of the Pinks ‚a sport of King of the Blues (F. A. 
VAN VELSEN, 1866). 

Cytologically, the hyacinth offers some interesting particulars. The diploid forms 
have 16 chromosomes: 8 long, 4 medium sized and 4 short ones. (Closer observation 
reveals that there are five different types). Pink Pearl, Lord Balfour, Gertrude and Yel- 
low Hammer are diploids. Bismarck, Jan Bos and King of the Blues and its sport are 
among the triploid varieties with 24 chromosomes. The peculiar thing, however, is the 
great number of heteroploid (unbalanced) varieties. L’Innocence has 27 (15 L + 6M + 
6S), Ostara 25 (12 + 7 + 6) and City of Haarlem 23 (12 + 6 + 5) chromosomes. So 
far, all numbers between 16 and 31 have been found, except 18. A true tetraploid (16 
— 8 + 8) has not been described yet; the closest approximation is a group of one pink 
and five blue varieties, all of which have 31 (16L —+8M + 7S) chromosomes. DAR- 
LINGTON et al. found genuinely balanced diploid pollen grains, so no doubt tetraploid 
seedlings have been raised, but apparently these have been discarded. The above 
authors suggest that “perhaps the mechanical limit to the number of chromosomes 
which can be conveniently accommodated in the cells available has been reached — for 
the time being”. Although the unbalanced varieties are fertile, as far as we are aware 
nothing has been published on the consequences of these cytological peculiarities for 
the genetic behavior. Therefore, it is difficult to develop a breeding scheme. 

In the 195253 season, 0.8 % of the hyacinth area was occupied by seedlings. This 
is a fairly high percentage; it shows that the breeders have not abandoned hope to 
improve the prominent varieties. A new development that should be mentioned are the 
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Fairy Hyacinths (VAN TUBERGEN Ltd), which, bearing several loose inflorescences on 
one bulb, are more elegant than the somewhat pompous and massive usual varieties. 
Firmament, bright blue, is already well known. 


4, THE NARCISSUS 


The Narcissus did not become an important bulbous crop until the end of the 19th 
century, although the parent species of the present day varieties, being indigeneous in 
Europe, had been known for hundreds of years. During that period however, the only 
daffodils grown on a considerable scale in the Netherlands were the double Van Sion 
and varieties selected from Narcissus tazetta L., imported in 1557. 

The revival of interest in the Narcissus originated in England and was largely due to 
the efforts of PETER BARR, F. W. BURBIDGE and a few other propagandists. A sign of 
the growing interest and an important stimulus was the first Daffodil Conference of the 
Royal Horticultural Society in 1884. 

The Dutch bulb growers were interested in this movement from the start and were 
soon improving and enlarging their stock. They have done important breeding work 
since, although they never attained a monopoly like the one they hold in tulips and 
hyacinths. 

A considerable number of species of Narcissus is now in cultivation. However, the 
most frequently grown varieties arose from only a few species: N. pseudonarcissus L., 
N. poeticus L., and N. tazetta L. Those with one flower to a stem arose from forms of 
the former two species with their hybrids; those with several flowers to a stem are 
hybrids between the latter two. Formerly, the cultivated varieties were arranged in 
various hybrid species, but these have by now been interbred to such a extent that this 
is no longer practical. A Committee of the R.H.S. has proposed a new system in the 
latest edition of the Classified List of Daffodil Names (1950). It has eleven divisions, 
but five of these will not be mentioned here, since they are of little importance in this 
country and only varieties grown on a large scale in the Dutch bulb district will be 
dealt with. 

Those among the widely grown varieties that have one flower to a stem may be di- 
vided into Trumpet Narcissi (corona as long as or longer than the perianth), Large- 
cupped Narcissi (corona more than one third, but less than equal to the length of the 
perianth) and Small-cupped Narcissi (corona not more than a third of the perianth). 
Each of these divisions falls into several groups: (a) both perianth and corona colored, 
(b) perianth white, corana colored, (c) flowers completely white. In groups (a) and (c) 
the corona is not supposed to be paler than the perianth. Any other color combination 
falls into a group (d). 

The Trumpet Narcissi stems from N. pseudonarcissus and its numerous varieties. It 
has 14 chromosomes, but tri- and even tetraploids have been found in the wild. The 
majority of the cultivated varieties appear to be tetraploid. The most important rep- 
resentative of group (a) is King Alfred, also the most widely grown of all daffodils. 
This variety was bred in England by J. KENDArL, 1889. It is believed to be the first 
tetraploid. Golden Harvest (1927) and Rembrandt (1930), number two and three on the 
list of prominent yellow trumpets, are Dutch creations of WARNAAR & Co and G. 
LUBBE & Son, respectively. Of the triploids, which are of an earlier date, only Emperor 
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(1889) is still grown on a considerable scale. Golden Spur, found in 1885 in a garden 
near Wassenaar, is one of the few surviving diploids. 

The representatives of group (b) stem from N. pseudonarcissus ssp. bicolor (L). 
BAKER. The leading varieties are Queen of the Bicolors (E. H. KRELAGE & Son, re- 
gistered 1940) and Spring Glory (J. DE GRooT & Son, 1914). Their chromosome num- 
bers are not yet known. 

The white trumpets are dominated by Mrs E. H. Krelage (KRELAGE 1912), but the 
variety Madame de Graaff (S. A. DE GRAAFF 1887) should be mentioned too, as it was 
one of the earliest Dutch successes, and also interesting from a cytological point of 
view, being a heteroploid with 31 chromosomes. 

The most important varieties of the Large-cupped Narcissi: Carlton (yellow, 1927), 
Helios (yellow and orange red, 1912), Fortune (dark yellow and orange yellow, 1923) 
and Scarlet Elegance (yellow and red, 1938) were all bred in England. Helios and For- 
tune are tri-and tetraploid, respectively. The members of this division were formerly 
grouped under the hybrid species N. incomparabilis Mir. (N. pseudonarcissus x_N. 
poeticus). From back crosses with N. poeticus arose a new division, that of the Small- 
cupped Narcissi, formerly called N. barrii. Lady Moore (ivory white, cup yellow with 
red edge) and the newcomer Verger (1930) are the leading varieties. Both were bred by 
prominent Dutch daffodil breeders,W. POLMAN Mooy and P. VAN DEUREN, respectively. 

The most widely grown double daffodil is still Van Sion; an old favorite which was 
grown in Holland in 1603! It ís a diploid. 

The Tazetta-Narcissi have more than one flower to a stem. They are now dominated 
by the Poetaz-group, which consists of hybrids between N. tazetta L. and N. poeticus. 
Cytologically, the former species is characterized by the basic chromosome number of 
10 (or 11). This feature sets it apart from the other species of the genus, which have 7 as 
the basic number. Apparently, both di- and tetraploid form of the N. poeticus group 
have been used as parent plants, as there are varieties with 10 + 7 and with 10 —+ 14 
chromosomes. Of the two leading varieties, Laurens Koster (white and yellow, 1923) 
has 17, and Cheerfulness (yellow, double, 1923) has 24 chromosomes. The former we 
owe to R. VAN DER SCHOOT, the latter to ALBERT Vis, who about 1902 were the first to 
make these crosses. The third prominent variety, Geranium (white and orange red, 
1930), was a creation of J. B. VAN DER ScHOOT. It has 17 chromosomes and is almost 
completely pollen-sterile. 

In the Poeticus Division, the large flowered tetraploid Actaca, won by G. LUBBE & _ 
Son (1927), has now surpassed all other varieties. 

Twelve of the prominent varieties mentioned (viz. all except the white trumpets and 
the small-cupped Narcissi) account for 60 % of the whole area of Narcissus in the 
Dutch bulb district. These are not the most beautiful varieties (none of them received 
any votes in the English Daffodil Ballots as varieties for exhibition), but they can be 
forced early and are eminent as cut flowers, in addition to being good garden plants. 


5. SUMMARY ' 


In the early days of bulb breeding, plants were selected for their beauty — rarely ““a 
joy for ever”, since fashion changed and new varieties supplanted their ancestors. 
Beauty has remained the first requirement to the present day. However, physiological 
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characters such as easy propagation, good growth, and suitability for early forcing, 
are almost as important at present. The merits of a plant for garden decoration take 
third place. 

The number of varieties that can meet these requirements is very small; but since 
the demand is for the best in great quantities, this small group accounts for the greater 
proportion of all bulbs grown, as demonstrated by the statistical data. It will be very 
difficult to surpass these varieties, or even to make additions to this group. 

In hyacinths and daffodils it is even more difficult to develop breeding schemes, as 
the leading varieties are mostly heteroploids and polyploids, respectively. Here a 
breeder’s intuition is needed above all things to bring us better varieties. 


6. SAMENVATTING 
Enkele aspecten van de veredeling van bloembollen in Nederland 


Aan de hand van de betrokken literatuur wordt een kort overzicht gegeven van de 
veredelingsgeschiedenis van drie onze belangrijkste bloembolgewassen: de tulp, de 
hyacinth en de narcis. 

Er wordt opgemerkt, hoe gedurende de drie eeuwen dat deze gewassen worden ge- 
kweekt, de heersende smaak en het gebruik dat men van de planten heeft gemaakt ver- 
anderingen hebben ondergaan, die hun invloed op de veredelingsdoeleinden niet heb- 
ben gemist. 

Het overzicht houdt zich verder in hoofdzaak bezig met de herkomst van de rassen, 
die volgens de registratie van 1951/52 het meest geteeld,worden. Hierbij blijkt, dat bij 
tulpen vele groepen gedomineerd worden door één ras met zijn mutaties. Het meest 
in het oog lopend is dit bij dubbele vroege tulpen, waar 85 % van het areaal in beslag 
wordt genomen door het ras Murillo en zijn mutaties, doch men kan het ook opmerken 
bij enkele vroege tulpen, waar een derde van het areaal bezet is met mutanten van White 
Hawk en Prince of Austria, en bij Darwin tulpen, waar de helft beteelt wordt met Barti- 
gonen William Copland met hun „sports’’. Aan het mogelijke belang van de eigenschap 
van het muteren voor de veredeling wordt een korte beschouwing gewijd. 

In tegenstelling met de tulp, komt bij de hyacinth polyploidie veel voor. Hierbij is 
het merkwaardig, dat behalve di- en triploide rassen ook verschillende heteroploide 
voorkomen, met een chromosomenaantal, dat het tetraploide wel nadert, maar niet 
bereikt, althans niet bij de prominente rassen. Over de gevolgen van deze cytologische 
eigenaardigheden voor de erfelijkheid is nog niets bekend. 

Zijn bij tulp en hyacinth de prominente rassen vrijwel alle van Nederlandse origine, 
bij de narcis hebben ook Engelse veredelaars zeer veel tot de genese van het tegenwoor- 
dige sortiment bijgedragen. De Engelse liefhebbers letten echter uitsluitend op de 
schoonheid van de plant; bij de Nederlandse bloembollencultuur zijn echter andere 
eigenschappen, met name de forceerbaarheid, eveneens van zeer groot belang. Ook bij 
dit gewas heeft polyploidie tot opvallende verbeteringen geleid. 
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1. INTRODUCTION 


Coffee breeding in Indonesia has undergone an interesting evolution. Experiences 
have erystallized into a method adapted to the preponderately allogamous nature of 
the main species of the Archipelago (Coffea robusta and Coffea excelsa) and which 
makes use of the fact that these plants can easily be propagated by means of 
grafting. For details concerning this method and its history see the author's previous 
article (1), from which the diagram Fig. l on page 13 is also taken. 

The method is based on the fact that among the F, hybrids obtained by crossing out- 
standing trees, there are generally some that surpass the parents with respect to repro- 
ductive capacity and other important agronomic characters. Once test crosses have 
revealed which parental pairs combine well, the next step is to reproduce the same F, 
progenies on a large scale. This is done by planting clones of the outstanding parents in 
an isolated seed garden where they will pollinate each other, so that seed having the 
desired constitution AxB or BxA is obtained. 


2. BREEDING METHOD NOW IN USE AND ITS LIMITATIONS 


The standard breeding operation followed till now, (see Fig. 1) may be summarized 
as follows: 


1) Choosing and observing the parent trees and the clones derived from them. 

2) Crossing in pairs of selected parent trees or clones. 

3) Testing of the F, hybrids in comparative trials. 

4) Large scale multiplication of the superior F‚ combinations by means of biclonal 
seed gardens. 

5) Trial of the superior F‚ combinations on a semi commercial scale in order to 
determine their local suitability. 

6) Large scale planting. 


Though theoretically sound and though good results have been obtained with it, this 
method has one serious drawback: it is very time consuming. The five steps require a 
minimum of 25 years, which is a long period, even for a perennial crop. Phase 2, while 
laborious, is indispensable. Experience has taught us that the characters of a parent 
tree tell little about the properties of its prospective progeny. There is only one sure 
way of knowing such progenies: actual trial. There is no escaping the necessity of 
systematically crossing in pairs all trees with sufficient yielding ability and of satisfac- 


1) Formerly: Agricultural Adviser, Head of the Research Department of the Government Agri- 
cultural Enterprises in Indonesia. 
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tory general appearance. As long as a moderate number of parent trees (10 or less) 
are involved, the number of possible combinations will not exceed 45. In general, how- 
ever, we are dealing with considerably more parent trees and how quiekly the number 


: ae 3 É n(n—l) 
of possible combinations increases is shown by the well-known formula 
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Fig. 1. SCHEMATIC REPRESENTATION OF COFFEE BREEDING PROCEDURE IN JAVA. 


1. A: INITIAL MATERIAL (POPULATION) FROM WHICH MOTHER TREES ARE SELECTED (0) AND 
OTHERS REJECTED (/). 
B: PROGENY ROWS OF CLONES DERIVED FROM INITIAL MATERIAL (O — SELECTED, /—= RE- 
JECTED). 
II. INTERCROSSING MOTHER TREES IN AS MANY COMBINATIONS AS POSSIBLE. 
II. TESTING OF F‚ PROGENIES AND SELECTION OF NEW MOTHER TREES (0). 
IV. A: TESTING OF SECONDARY CLONES. 
B: SEED OF THE SUPERIOR CROSS A X BIS INCREASED BY MEANS OF BICLONAL SEED GARDENS. 
V + VI. ASSESSING LOCAL SUITABILITY AND ESTABLISHING COMMERCIAL PLANTATIONS OF 
SEEDLINGS A X B. 


With fairly extensive parental material, as used in a well-conceived breeding pro- 
gram the number of possible combinations may amount to several hundreds, but 
owing to the short flowering period of Robusta and Excelsa coffee it is not possible to 
execute a complete series of crosses in one flowering season. Consequently the crossing 
program must be spread over several years, and results become known that much 
later. This, in my opinion, is the bottleneck that prevents a wide application of this 
otherwise very attractive breeding method. 
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3. POINTS OF SIMILARITY WITH OTHER CROPS 


A study of the way breeding of some other cross-fertilized crops, especially alfalfa 
and maize has been taken in hand, furnishes indications that certainly will prove useful 
in a coffee improvement program. 

TyYspAL and co-workers (6) noticed that among the F, progenies obtained by cros- 
sing Medicago c lones some combinations distinguished themselves by high productivi- 
ty and other good features. These superior combinations are easily reproduced on a 
large scale by methods analogous to those used for coffee (p. 12, 13). 

Here too similar difficulties were encountered. It was not feasible to detect the best 
combinations by means of systematic test crosses. Therefore the following ingenious 
method has been devised, which enables the investigator to form an opinion about the 
combining ability of the various parent plants or the clones derived from them. 

The clones to be tested are planted in isolated plots according to a scheme that per- 
mits pollination of each clone by a pollen mixture of all other clones together. The 
seed thus formed is collected clonewise and the resulting progenies are subjected to 
comparative tests. In general the examination will show that only a few clones produce 
good offspring. These clones possess good general combining ability. The progenies 
resulting from these informative test crosses (the so-called polycrosses) are not yet the 
best that the clones can produce. The best progenies are produced only when for each 
clone the ideal pollen partner has been found whose genic stock supplements its own. 

This ideal partner can be detected only by systematic crossing. But systematic 
crossing now presents no difficulty since the polycross has eliminated much of the bad 
material with only a small nucleus remaining, which can easily be handled. The great 
economy lies in the sifting affected by means of the topcross. 

The same principles underlie the methods developed by JoNes and other American 
investigators (2, 3, 4, 5) with respect to maize and by WELLENSIEK (7) for cross fertilized 
plants in general. 


4. THE DEVELOPMENT OF AN EFFICIENT BREEDING METHOD FOR COFFEE 


The breeding method described for alfalfa is, with modification, also applicable to 
breeding of the cross-fertilized coffee species. 1 conceive the course of procedure as 
follows: 

After the mother trees and the clones derived from them have been observed for 
several years and undesirable types discarded, the time has come to subject the re- 
maining material to a topeross brought about by hand-pollination. To that end, a 
number of flowering branches of each mother tree or clone to be investigated, are bag- 
ged and preferably also emasculated. As male parent a good, sufficiently variable 
population can be used. A substantial amount of pollen has to be taken from as many 
trees as possible and carefully mixed. This pollen mixture is applied to the stigmas of 
the bagged branches. The progenies obtained from these crosses are tested in a com- 
parative trial which includes a standard seedling offspring or clone and the necessary 
number of replications. After some six years it will appear that among the many top- 
crosses only a few are capable of standing the test. However, all we can say at this stage 
is that mother plants producing these outstanding topcrosses will give good progenies 
when fertilized by a great number of different fathers. Also it may be concluded that 
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these mother trees have such good genic constitution that even poor male partners can 
not mask their qualities. They possess a good general combining ability, to use an 
expression current in maize breeding. Once these good general combiners are detected 
two courses are open: 


„ Use of systematic test crosses in a search for the ideal-partner for each selected 
clone. 

2. Creation of a synthetic variety by planting all the sclédted clones together in a 

crossing field (seed garden). 

Considering these methods in detail we notice the following points: 

Method 1. It is obvious that the topcross is not the best progeny that a given 
mother tree can produce. This is achieved only, when the mother tree is fertilized by 
the specific male partner with which it best combines. Further investigation must aim 
at finding this ideal partner. Here success requires crossing the mother trees systematic- 
ally to a large number of pollen parents and testing the performance of the hybrids 
obtained. These systematic crosses will involve in the first place the trees that used as 
female parents in the topcrosses showed a good general combining ability. In excep- 
tional cases, however, other outstanding trees not belonging to this small group will also 
be used as pollen producing parents. These crosses are subjected to rigorous comparat- 
ive tests in order to discover which pairs have the most desirable progenies. 

Next these progenies are reproduced on a large scale, an easy procedure with per- 
ennial plants that can be propagated as clones. If, for example, the test crosses have 
revealed that tree A crossed to tree B gives a very good F, the clones of A and B are 
planted in alternate rows in an isolated plot, resulting in A X B or Bx A seed. Since the 
coffee species under consideration are strongly self-incompatible only very few seeds 
result from self-fertilization and they may be neglected. 

Above another, simpler procedure has been indicated as alternative to the method 
just discussed. The procedure is briefly as follows: 

Method 2. All clones producing outstanding progenies when toperossed, are planted 
together. Thus one ensures that good general combiners fertilize each other. The re- 
sulting progeny which, can be said to constitute a composite variety, will be at least as 
good, and probably better than the separate topcrosses of each of the components. 


5. ADVANTAGES AND DISADVANTAGES OF THE TWO METHODS OUTLINED ABOVE 


If we consider the schedule given below it seems that method 1 just discussed affords 
little saving of time (Fig. 2). 


en 


Schedule 
Phase É Description Years required 
a et Rn ete 

1 Observation of the mother-trees and preliminary evaluation 4 

of the clones. 
2) Making the topcrosses and evaluation of the progenies. . . 6 to 7 
3 Performing systematic test crosses and evaluation of the 6 to 7 

resulting F, progenies. 
4 Large scale multiplication of the outstanding combinations. . 4 

20 to 22 
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On a closer view the method turns out to be rather better than one would think at 
first, for the time can be shortened. It is possible to reduce phase 1 so that it only re- 
quires 3 years, while phases 3 and 4 can be reduced considerably, if one proceeds as 
follows: Two years after the systematic test crosses are started (phase 3) a large number 
of grafts are made from the parent plants involved in the test and planted in an isolated 
seed garden. It is essential to mix the clones according to a definite scheme so that they 
may easily be traced. 
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Fro. 2. DIAGRAMMATIC REPRESENTATION OF THE IMPROVED BREEDING METHOD. 


1. A: INITIAL MATERIAL FROM WHICH MOTHER TREES (0) ARE SELECTED AND OTHERS REJECTED (/). 
B: PROGENY ROWS OF CLONES DERIVED FROM INITIAL MATERIAL (O selected, /REJECTED). 
IL. TOPCROSSES DERIVED FROM SELECTED CLONES AND A COMMON OPEN-POLLINATED TESTER. 
HI. A: CROSSING OF OUTSTANDING MOTHER TREES OR CLONES IN ALL POSSIBLE COMBINATIONS. 
B: EVALUATION OF THEIR F, PROGENIES. 
IV. SEED GARDEN CONTAINING, IN ITS INITIAL STAGE, ALL THE CLONES INVOLVED IN THE 
SYSTEMATIC CROSSING PROGRAM. AFTERWARDS, ACCORDING TO THE RESULTS OBTAINED IN 
IIIB, UNDESIRABLE CLONES ARE REMOVED. 


V. LARGE SCALE PLANTING OF SUPERIOR F, PROGENIES OBTAINED IN IIIB. 


By the time this seed orchard reaches the fruit bearing stage, the evaluation of the 
test cross progenies has also been completed. If it appears, for example, that the clones 
X and Y form the best combination all other clones of the crossing garden are cut. The 
seeds that are produced at that time by the trees X and Y only partly have the desired. 


16 


A TENTATIVE BREEDING METHOD FOR ROBUSTA COFFEE 


constitution Xx Y or Y XX since they have resulted from the mutual fertilization of a 
polyclonal mixture. The following year, however, all seeds will have the desired parent- 
age. 

The gaps resulting from the cutting of the unwanted trees can easily be filled by 
grafting the stumps with scions of X and Y. After a few years-a complete stand will be 
obtained again. Thus a selection cycle can be compressed to 17 or 18 years. 

Further reduction in the time required for a selection cycle may be accomplished by 
the following modifications: As has been explained on page 16, a crossing garden con- 
taining a mixture of all clones judged worthy of inclusion in the systematic breeding 
program is laid out as soon as phase 3 has been initiated. Each of these clones is known 
to give a good progeny when pollinated by a rather arbitrary pollen mixture. Conse- 
quently it may be expected that the seed resulting from the mutual fertilization of 
these clones will develop into a progeny that will be as good if not better than the 
descendants produced by the various components of the topcross. 

In my estimation one would be entirely justified in distributing seed of such a poly- 
elonal garden for commercial use during the waiting period. This seed would be avail- 
able some 12 years after initiating the improvement program so that, after all, it does 
not last very long before the first tangible results of the work are secured. 

When phase 3 of the breeding scheme has been completed and the necessary data 
have been collected one can start giving the seed garden its final appearance by cutting 
the representatives of the undesirable clones. It is an open question whether the re- 
duction should be carried to the point where only a minimum of two clones remains, or 
whether a slightly larger number, for instance, five or six, should be retained. Personal- 
ly 1 am inclined to the last view. By retaining a few more clones it is possible to com- 
pensate for small differences in flowering time and then assure a good seed set. 

À year after thinning the seed garden produces seed of the intended constitution. 
The first two or three years after this rigorous thinning the yield of such a garden is, of 
course, rather small since only the selected trees bear fruit. The situation, however, is 
soon remedied if grafting of the stumps is undertaken with sufficient energy using 
scions from plagiotropic branches, which, as is well-known, can develop into fruit 
bearing branches within two years. Thus 18 years after the breeding program was 
started high quality seed can be distributed in sufficient quantity. 


6. SUMMARY 


In Indonesia the usual method of breeding Robusta coffee consists of crossing care- 
fully selected trees in order to ascertain which combinations give the best progenies. 
The most successful combinations are repeated on a large scale, the crossing partners 
being represented by clones. This method produces good results, but is time consuming, 
a selection cycle taking 25 years. 

The present author thinks it possible to shorten the duration some 7 years by making 
the following changes. 

1) After a brief period of observation the parent trees that seem most desirable are 
topcrossed and the merits of the offspring are assessed. Thus the mother trees with 
good general combining ability are detected. 

2) The latter are crossed in all possible ways and the progenies tested. When the best 
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combinations are ascertained, large-scale seed production is executed in biclonal or 
polyclonal seed gardens. 

3) By laying out these seed gardens at the time that the test crosses mentioned under 
2 are performed, they are in full production when the evaluation of the F, hybrids is 
achieved. Since the desirable combinations are not yet known when the garden is 
planted, all clones have to be included. As soon as the value of the F, hybrids is ascer- 
tained only the clones producing the best combinations are kept, all others are cut 
down and regrafted with scions of the selected clones. 

The above simplifications shorten a selection cycle to about 18 years, while after 
only 12 years good seed, having the character of a synthetic variety, is available. 


77. SAMENVATTING 


Een verbeterde veredelingsmethode voor Robusta koffie en andere overwegend kruis- 
bestuivende koffiesoorten 


Bij de veredeling van Robusta koffie in Indonesië werd tot nog toe voornamelijk de 
methode toegepast welke in Fig 1. (pag. 13) schematisch is weergegeven. Tegen deze 
theoretisch gezonde en goede resultaten opleverende methode valt slechts één bezwaar 
aan te voeren: zij is zo tijdrovend, dat één complete selectiecyclus ongeveer 25 jaren in 
beslag neemt. Phase 2, het systematisch onderling kruisen van de op grond van pro- 
ductieopname en oculaire beoordeling gekozen moederbomen, c.q. de daarvan afge- 
leide klonen, vergt wegens het grote aantal combinaties de meeste tijd. Bovendien 
maakt de korte bloeiperiode van Robusta en Excelsa koffie dat men in één seizoen 
slechts een beperkt aantal kruisingen kan uitvoeren, zodat uitgebreide kruisingspro- 
gramma’s over enige jaren moeten worden verdeeld, hetgeen een verschuiving van de 
overige phasen van het werk over een overeenkomstig aantal jaren en een later beschik- 
baar komen der resultaten tot gevolg heeft. 

De tijdsduur kan worden bekort en de efficiency van de methode verhoogd door 
a) doelmatige vermindering van het aantal combinaties en b) door vroeger over te 
gaan tot aanleg van zaadtuinen. 

Naar analogie van de door TYsDAL e.a. (6) voor Medicago ontworpen polycross 
methode en de bij het kweken van hybride mais algemeen toegepaste topcross wordt 
voor koffie het volgende verbeterde systeem voorgesteld dat in Fig. 2, p. 16 schematisch 
is weergegeven. Zodra de moederbomen zijn gekozen, worden zij door middel van 
handbestuiving ge‘top-crossed’ met het een of andere goede ras. Een critische beoor- 
deling van de aldus verkregen nakomelingschappen leert welke moederbomen een 
goed algemeen combinatievermogen bezitten. Deze moederbomen worden vervolgens 
op alle mogelijke manieren onderling gekruist, ten einde de beste combinaties te leren 
kennen. 

De volgende stap is zaaizaad van deze superieure F‚’s op practijkschaal voort te 
brengen (phase 4 van het schema), welke er in wezen op neer komt, dat enkele op de 
voorgrond tredende kruisingen in het groot worden herhaald. Daartoe worden de 
ouders als kloon uitgeplant in een geisoleerd gelegen tuin, gewoonlijk aangeduid met 
de naam “zaadtuin’. Wegens het uitgesproken zelf-incompatibele karakter van Robus- 
ta-koffie zal hierin vrijwel uitsluitend onderlinge bevruchting der klonen optreden met 
daarnaast een te verwaarlozen percentage zelf bevruchting. 
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Er gaan een jaar of vijf mee heen, alvorens zulk een zaadtuin in volle vruchtdracht is. 
Een aanzienlijke tijdsbesparing kan worden verkregen door deze zaadtuin reeds aan te 
leggen, zodra men met het systematische kruisingsprogramma (phase 3) begint. Men 
is dan echter verplicht alle in laatstgenoemd programma betrokken klonen op te nemen 
omdat immers op dat tijdstip nog niet bekend is, welke klonen uiteindelijk als zaad- 
producenten zullen worden gekozen. 

Een op deze wijze aangelegde zaadtuin kan op tweeërlei wijze dienst doen. Gedurende 
de tijd, dat men wacht op de resultaten van de toetsing der F‚’s levert de tuin zaad, dat 
is ontstaan door onderlinge bestuiving van alle opgenomen klonen. Maar, omdat het 
hier klonen betreft welke, blijkens de topeross proef, een goed algemeen combinatie- 
vermogen bezitten, mag men verwachten, dat uit dit zaad een gewas zal opgroeien 
minstens gelijkwaardig aan de beste topcrosses. Dergelijk zaaizaad, dat reeds een jaar 
of 12 na het begin van een veredelingscyclus beschikbaar komt, kan gerust voor uit- 
planting in het groot worden afgegeven. 

Zodra de toetsing der F‚’s (stadium 3) is voltooid, weet men welke klonen de beste 
combinatie opleveren. Gesteld dat dit zijn de klonen X en Y, dan worden in de zaad- 
tuinen alle andere klonen omgekapt. De vruchten, welke zich op dat ogenblik aan de 
bomen bevinden zijn nog het resultaat van bestuiving van X en Y door alle andere 
klonen tezamen. Een jaar later geldt dit bezwaar niet meer: het dan aanwezige zaad 
heeft de verlangde samenstelling Xx Y of YxX. De hiaten ontstaande door het weg- 
kappen van de ongewenste klonen worden opgevuld door uitlopers van de stompen 
over te enten met rijs van X of Y, zodat na enige jaren weer een volledig plantsoen uit- 
sluitend bestaande uit X en Y is verkregen. 

Het is nog voor discussie vatbaar waar bij het uitdunnen van de zaadtuin de grens 
moet worden gesteld, m.a.w. of moet worden gegaan tot het uiterste minimum van 2 
klonen of dat een groter aantal moet worden aangehouden. Om het risico van niet 
samenvallen van bloei te vermijden en tevens om de samenstelling van het synthetische 
ras wat minder eenzijdig te maken, voelt schrijver het meeste voor een mengsel be- 
staande uit een beperkt aantal, stel 5 of 6, klonen. 
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INTRODUCTION 


Varieties of root vegetables with a thick taproot are, generally, little appreciated. 
Vegetable growers do not like radishes, carrots or garden beets with a heavy taproot as 
this feature reduces the attractiveness of the produce to the consumer. 

Consequently, selection for a slender taproot is a standing part of most breeding 
programmes of root vegetables. Thereby it is well understood that the thickness of the 
taproot is not determined solely by the genotype of a plant. However, little was known 
so far about the influence of the growth conditions. An attempt was made, therefore, 
to obtain a better understanding of the relation between genotype and environment. 

In field experiments performed under different conditions the thickness of the tap- 
root was measured, by means of a pair of calipers, just below the place where the root 
surface turns rather suddenly into that of the taproot. The taproots of radishes appeared 
to be too small to obtain reliable results in this way. With carrots also this method 
was not very successful, since the taproot was often lost during harvesting. Results 
reported here, therefore, are confined to red garden beets. 

The experiments led to the following ideas: 

a. The growth of the axis composed of the leaf rosette and the taproot (here referred to 
as primary axis) is a primary activity of the plant, whereas the thickening of the root 
(with the storage of reserve food) represents a secondary activity of the plant; 

b. There is a changeable equilibrium between the growth activity of the primary axis 
and the activity of root thickening: 


growth activity of primary axis £ activity of root thickening 


Probably both activities go on as long as the plant grows. But it depends on differ- 
ent factors inside and outside the plant which way the equilibrium will shift. The 
growth of the plant may be so weak that both activities are slow. One can imagine also, 
that there may be conditions under which both activities are not slow, and keep pace 
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with each other. Very often, however, the conditions will be such, that one activity is 
more accentuated than the other one. 


CORRELATION BETWEEN FOLIAGE SIZE AND TAPROOT DIAMETER 


If it is true that the growth of the taproot and the growth of the leaf rosette or top 
are a primary activity of the plant, there should be, as a rule, a\correlation between the 
foliage size and the size of the taproot. The size of the foliage has been expressed in 
terms of the average foliage weight per plant and as the average foliage weight per 100 
grams of root. The size of the taproot has been measured by its diameter. 

In a series of five experiments conducted in 1949 and 1950 (experiments 49 PA, 
49 PB, 49 PC, 50 PA-PH and 50 PS-PZ) correlation-coefficients between each of the 
two foliage characters and the taproot diameter were calculated by M. Keus, mathe- 
matician of our Institute. There were two groups of strains. One group comprised 
many Egyptian and some Crosby strains. The other comprised strains of various 
Detroit types (see Table 1). 


TABLE 1. CORRELATION COEFFICIENTS OF TAPROOT DIAMETER AND FOLIAGE WEIGHT 
Correlation coefficients 
| Ae nl of taproot diameter 
Group Varieties Number of strains |_ f = Pere 
| | and foliage weight | and foliage weight 
| per plant ‚_per 100 g of root 
| 
1 Egyptian + | 24 0.840 0.748 0.404 
| Crosby | 
2 ‘ Detroittypes | 32 0.834 | 0.731 0.349 


Both foliage characters show a high degree of correlation with the taproot diameter, 
but the correlation between the foliage weight per plant and the taproot diameter is 
closest. 

This correlation was studied more in details in some other experiments with red 
beets. In general the result was the same. But there are exceptions also. 

When for example, a bad strain of Round Black Leaved was compared with a good 
strain of Perfected Detroit, it was found that they had the same average foliage weight 
per plant, but the bad strain of Round Black Leaved had a much thicker taproot. Now 
this last mentioned variety is no longer of any commercial importance, and, conse- 
quently, is not being selected any more. Through natural selection the coarsest types 
now dominate. One seed company, however, which still practises some breeding work 
on this variety, markets a better strain of Round Black Leaved with a much thinner 
taproot. 

Further, from different experiments we got data suggesting that in proportion to 
their foliage size Crosby mostly has a heavier taproot than Detroit, and Detroit mostly 
has a relatively heavier one than Egyptian. Between strains of one variety also there 
may be small differences in this respect. 

From these data it is concluded that: 

a. A close correlation generally exists between the foliage weight per plant and the 
size of the taproot. 
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b. Differences in the ratio of the taproot diameter to the foliage weight per plant 
may be influenced by genetic factors. 


INFLUENCE OF GROWTH CONDITIONS 


In general we find that a smoothly growing root has a better shape than a root which 
grows under unfavourable conditions. MAGRUDER et al. (4) concluded from their own 
observations and from those of Ross C. THOMPSON (5), that low temperatures and a 
deficiency of soil moisture may cause the taproot of red garden beets to become over- 
weight. In general they noted thicker taproots when the beets were grown during 
autumn or early winter than when they were grown during spring and early summer. 
This suggests that differences in the growth rate of the plants, caused by the growth 
conditions, have some effect. 

In our own experiments we observed that low germination capacity of the seeds, 
short day length or an acid soil may result in a slow growth rate of the plants. But a 
growth reduction from one of these causes does not result in a thick taproot. Evidently 
these factors reduce the growth of the primary axis as well as the thickening of the 
root. Differences in temperature or in water content of the soil, however, influence at 
the same time the growth rate of the plants and the thickness of the taproot. 

In 1950 a short top Egyptian (Gladoro), a medium top Egyptian and a large top 
Egyptian were grown in a series of experiments under different growth conditions 
(experiments 50 B, 50 C and 50 D, here also indicated as B, C and D). 

Exp. 50 B: Deep sandy soil with good water supply; plants grown under sashes; seed sown on 
May 16th; successive harvests on July 10, 17, 24, 31 and August 7. 

Exp. 50 C: Same soil as exp. 50 B, but plants grown in the open air; sown and harvested on same 
dates as in exp. 50 B. 

Exp. 50 D: On the top of a sand hill nearby; relatively dry; plants grown in the open air; seed sown 
on May 19; successive harvests on same dates as in experiments 50 B and 50 C. 

The 1950 season was rather cold. In exp. 50 B the plants had a higher temperature 
than in experiments 50 C and 50 D. In exp. 50 D the soil was much dryer than in ex- 
periments 50 B and 50 C. 

Fig. 1 shows curves of the course of the average root weight, the average foliage 
weight per plant, the taproot diameter and the foliage weight per 100 grams of root in 
the three experiments. 

Taking the three experiments as a whole, it is again evident that the large top Egyp- 
tian has more foliage and at the same time a thicker taproot than the medium top 
Egyptian, and that this type has more foliage and a thicker taproot than the short top 
type. Further, the correlation between the diameter of the taproot and the foliage per 
100 grams of root is obvious. 

Studying the curves for the three different experiments (B, C and D) of each of the 
types, we see that for the growth rate of the roots: 


growth rate B > growth rate C > growth rate D 


The growth rates of the foliage show approximately similar differences as those of 
the root, but not to the same degree. In the curves for the foliage weight per 100 grams 
of root, the growth rate of the root compared with that of the foliage is highest in B 
and lowest in D. Later in the season the three curves reach the same level. This means 
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Fig. 1. CURVES OF THE COURSE OF AVERAGE ROOT WEIGHT (GM), AVERAGE FOLIAGE WEIGHT PER PLANT 
(GM), TAPROOT DIAMETER (CM), AND AVERAGE FOLIAGE WEIGHT PER 100 GRAMS OF ROOT (GM) 
OF THREE TYPES OF EGYPTIAN UNDER DIFFERENT GROWTH CONDITIONS (SEE TEXT) 
B = EXP. 50 B; c = EXP. 50 C;D —= EXP. 50 D. 


that the growth of the primary axis was dominating in D for a longer period than in C, 
and in C for a longer period than in B. 

The taproot was thickest in D, and thinnest in B. In the first harvest the taproot in D 
was relatively thin because the whole primary axis was by this time little developed. 

This demonstrates that the higher temperature under sashes in experiment 50 B 
caused more rapid growth and a thinner taproot than the somewhat lower temperature 
in the open air experiment 50 C. In the two open air experiments the relatively dry soil 
of experiment 50 D caused slower root thickening and a heavier taproot than the soil 
with plenty of water in experiment 50 C. 

Some more evidence of the influence of temperature is given in fig. 2. The Egyptian 
strain EgF-S&G, mentioned in a previous publication (1), was grown in experiment 
47 A in the warm, dry 1947 season, and also in experiment 48 C in the cool, wet season 
of 1948. In 1947 the thickening of the root was much more rapid than in 1948, and, 
consequently, the successive harvests in 1947 were started earlier than in 1948. The 
curves, however, partly cover the same period if expressed in number of days from 
planting to harvest. 

In 1947, when the growth rate of the root accelerated, the diameter of the taproot at 
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the same time decreased. Later in the 1947 season, when first the growth had stopped 
because of too dry an atmosphere and thereupon, after some rain, the plants recom- 
menced growth, the taproot diameter increased. 

In 1948 the initial thickening of the root was much slower than in 1947. Consequent- 
ly the taproot was much thicker. Later in the season the growth rate of the root was 
higher, and the taproot thinner. 
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FIG. 2. CURVES FOR THE COURSE OF AVERAGE ROOT WEIGHT (GM), AVERAGE FOLIAGE WEIGHT PER PLANT 
(GM), TAPROOT DIAMETER (CM), AND AVERAGE FOLIAGE WEIGHT PER 100 GRAMS OF ROOT (GM) 
OF THE EGYPTIAN STRAIN EZF-S&G IN THE WARM DRY SEASON 1947 AND IN THE COOL WET 
SEASON 1948, 


DISCUSSION 


The close correlation between amount of foliage and taproot diameter seems to 
justify the hypothesis that the growth of the taproot and the growth of the leaf rosette 
are a primary activity of the plant. We may, therefore, consider the leaf rosette and the 
taproot as a unity, which we can indicate as primary axis. 

When the primary axis has developed to a certain extent its growth activity may be 
replaced more or less by the thickening of the root. Probably the large top types need a 
longer period of growth of the primary axis before the thickening of the root can start 
to dominate than the short top types, whatever the growth conditions may be. 

From the graphs given, it is seen that during the growth season the taproot diameter 
may decrease, but it may also increase again. This can be understood as a case of equi- 
librium between the growth activity of the primary axis and the process of root thicke- 
ning. When the region of the taproot just below the root is thickening very quickly into 
a new part of the root, and the primary growth activity is relatively slow, the taproot 
below the root usually will appear to be quite thin. When, however, afterwards the 
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growth conditions are such that the root thickening is slowing down very much, but 
growth of the primary axis can proceed, the taproot diameter will increase again. 

This equilibrium is influenced by the temprature and by the moisture content of the 
soil. 

If the plants are grown under relatively high temperatures, the equilibrium is shifted 
to the right (for left and right part of equilibrium see Introduction) earlier than if they 
are grown under rather cool conditions. This means that the amount of foliage and the 
taproot diameter are still relatively small when root thickening starts to dominate un- 
der conditions where the temperature is relatively high. Under relatively cool condi- 
tions they grow larger before root thickening starts to dominate. 

A moisture deficiency in the soil (if not excessive) may retard the thickening of the 
root more than the growth of the primary axis, with the result that the equilibrium is 
shifted to the right more slowly, and the taproot is growing relatively thick. 

What will happen if the temperature and the amount of water in the soil are over- 
optimal, has not yet been investigated. Furthermore it may be emphasized that the 
experiments reported here are field experiments only. For a more exact determination 
of the influence of the different regions of temperature and water content of the soil 
the experiments must be repeated in a physiological laboratory. The general tendency, 
however, is evident enough to justify certain conclusions for the plant breeder. 

Before coming to these conclusions, 1 just want to mention that incidental field ob- 
servations suggest that the established tendency may serve as a useful working-hypo- 
thesis for radishes as well. 

Furthermore A. H. BREMER (3) with the variety Nantes, and W. C. BARNES (2) with 
the variety Red Core Chantenay, found, that temperature definitely influences the 
shape of the root of carrots. At low temperatures (10-16° C, or lower) the root is 
growing relatively narrow, long conical, and pointed, whereas at higher temperatures 
(especially when higher than 20 °C) it is much shorter and wider, and stumped. At 
low temperatures the main root is tapering gradually into the taproot. At higher tem- 
peratures there is an abrupt change between the stumped main root and the thin tap- 
root. This seems to be essentially the same phenomenon as we have seen with the shape 
of the roots of red garden beet. 

With respect to breeding work with red garden beet we may conclude that the tem- 
perature of the area where a variety is meant to be grown is of prime importance. 

If a breeder in a cool climate intends his new variety to be used in warmer climates 
as well, he must be careful to select types with a strong primary axis. If he selects types 
with a weak primary axis they will, in the warmer climate, start root thickening before 
the primary axis has sufficiently developed. Too little foliage will be formed and, in 
consequence, too small a root. See also (1). If, on the other hand, a breeder in a rather 
warm climate selects root crops that are meant to be used also in a cooler climate, 
there will be a chance that in the cooler climate they will turn out to be too coarse. 

If a breeder intends his new variety to be grown only in the climate in which he lives, 
he still has to be aware of the influence temperature (and a dry season as well) may ha- 
ve. Depending on the natural conditions and on the type of culture that is practised, 
the growth period may be short or long. But in any case there must be more than suffi- 
cient time to finish, in a normal season, the first growth stage in which the growth of 
the primary axis dominates, and in addition to this the stage of root thickening and 
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ripening. For, if in a normal season the variety just matures in the time available, in 
seasons that happen to be unusually cold or dry, the growth of the primary axis may 
dominate during so long a time, that no sufficient time is left for the thickening and 


proper ripening of the root. 


SUMMARY 


1. In most breeding programs of root vegetables the thickness of the taproot is an 
important but somewhat confusing factor.The reason is that there is nota clear idea of 
how genetic and physiological influences interact. 

Here a report is given of the results of a series of field experiments on this interaction 
in red garden beet. 

2. It is shown that, as a rule, there is a close correlation between the foliage weight 
per plant and the size of the taproot. This means that a variety with a large top also has 
a relatively thick taproot. There may be genetic factors influencing the differences in 
the ratios of the taproot diameter to the foliage weight. Usually the influence of these 
factors is rather small. 

3. The opinion is forwarded that there are two different activities in the beet plant, 
which may operate at the same time as long as the plant grows. But under the influence 
of the age of the plant and of the growth conditions one of them may dominate over 
the other. The first is the growth activity of the primary axis (leaf rosette + taproot). 
The second is the activity of root thickening. When the plants are very young the 
growth activity of the primary axis dominates. Later on there is a changeable equili- 
brium between the two activities. 

4. Low germination capacity of the seeds, short day length or an acid soil retard 
both activities. Under these conditions root thickening is slow but also the growth of 
the primary axis. Consequently, reduction of the growth rate in these cases does not 
result in an uncommonly heavy taproot. 

5. Relatively low temperature and (or) a relatively dry soil retard root thickening 
more than the growth of the primary axis. The result is a thick taproot. 

6. Relatively high temperatures and a satisfactory water content of the soil favour a 
quick root thickening. The result is an early root thickening and a small primary axis. 
The taproot becomes thin and the top will be relatively small. 

1. This explains why large top types of beet are more popular in areas with a warm, 
continental climate, and short top types in areas with a cool marine climate. 

Some of the consequences for the breeding work are discussed. 


SAMENVATTING 


Penwortelproblemen bij de veredeling van knolgewassen 


1. In de meeste veredelingsprogramma’s van groente-knolgewassen is de dikte van 
de penwortel een belangrijke, maar vaak verwarrende factor. De reden hiervan is, dat 
men geen heldere voorstelling heeft omtrent de wijze waarop genetische en physiologi- 
sche invloeden op elkaar inwerken. 

2. Aangetoond wordt, dat er in de regel een nauwe correlatie bestaat tussen het 
loofgewicht per plant en de diameter van de penwortel. Dit betekent, dat een ras met 
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zwaar loof eveneens een relatief dikke penwortel bezit. Er kunnen genetische ver- 
schillen zijn in de verhouding tussen deze twee. In de meeste gevallen zijn deze echter 
niet groot. 

3. Gesteld wordt, dat er twee verschillende activiteiten in de krotenplant zijn, die 
tegelijkertijd hun gang gaan, zolang de plant groeit. Maar onder de invloed van de 
leeftijd van de plant en van de groeiomstandigheden, kan de ene activiteit de overhand 
hebben over de andere. De eerste is de groeiactiviteit van de primaire spil (bladrozet + 
penwortel). De tweede is de activiteit van de knolverdikking. Zolang de planten zeer 
jong zijn, overweegt de groeiactiviteit van de primaire spil. Later is er een veranderlijk 
evenwicht tussen de twee activiteiten. 

4. Lage kiemkracht van de zaden, korte daglengte of te zure grond vertragen beide 
activiteiten. Onder deze omstandigheden is de knolverdikking langzaam, maar even- 
zeer de groei van de primaire spil. De vertraagde groeisnelheid van de plant heeft nu 
geen extra dikke penwortel tengevolge. 

5. Betrekkelijk lage temperaturen en (of) een betrekkelijk droge grond vertragen de 
knolverdikking meer dan de groei van de primaire spil. Het resultaat is een dikke 
penwortel. 

6. Betrekkelijk hoge temperaturen en een bevredigend watergehalte van de grond 
begunstigen een snelle knolverdikking. Het resultaat is een vroege knolvorming en 
een kleine primaire spil. De penwortel wordt dun en het loof betrekkelijk fijn. 

7. Een en ander verklaart waarom krotentypen met lang loof meer populair zijn in 
streken met een warm, continentaal klimaat, en kortloof typen in streken met een koel 
zeeklimaat. 

Verder worden enkele consequenties voor het veredelingswerk besproken. 
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1. INTRODUCTION 


A great difficulty in potato breeding is that many varieties either do not flower or 
flower poorly. In many other cultivated plants such as the apple and the pear the 
usefulness of the variety is directly determined by the extent of flowering. With the 
potato the situation is different. Whether a potato variety does flower or does not 
hardly interests the grower. The breeder, however, can only include a variety in a 
crossing program if it produces true seed. 

This article reports experiences with flower induction in potatoes at the Potato 
Breeding Station of the Foundation for Agricultural Plant Breeding at Emmeloord. 


2. METHODS 


The literature describes various methods of inducing flowering in the potato. 

Good results have often been secured by removing the young tubers from the 
plants, bij making incisions on the stem, by constricting the stem by means of a bit 
of string, and by grafting potato sprouts on tomato or on other Solanaceae. 


At the Potato Breeding Station much attention is paid to flower induction, especially 
in connection with an extensive crossing program involving the variety Bintje, which 
almost never produces berries. Crossing is mostly done in a special greenhouse of 
32 m x 10.5 m equipped with a sufficient number of vents, which, in conjunction 
with lime-wash, help to keep the temperature down during summer. In this green- 
house slightly more than 700 plants are grown in heavy, well-manured loam. 

The special microclimate of the greenhouse reduces the incidence of Phytophthora 
infestans. Even the very susceptible early variety Eersteling is rarely if ever attacked. 
Towards the end of August symptoms of senescence appear and if no treatment with 
Cupremuls spray (a copper containing oil emulsion) is made a heavy attack of pow- 
dery mildew (Erysiphe) may occur. 

Flowering is induced by the following ways: 


2.1. Grafting on tomato 


Encouraged by the results obtained at the Institute of Agricultural Plant Breeding 
at Wageningen with grafting Bintje on tomato, we use this method extensively. To 
this effect the tomato variety Tuck Queen is sown in a heated greenhouse towards the 
middle of February. Early in March the young plants are planted out in pots of 13 cm 
diameter and at the end of April they can be grafted. 

Young sprouts from potato tubers are taken as scions (Fig. 1). Attention is given 
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Fig. 1 


POTATO SCION GRAFTED ON TOMATO 
(A FEW DAYS AFTER GRAFTING) 


to selection of disease-free material. The tubers are put to sprout towards the middle 
of March in a small, heated greenhouse in moist soil. When the time for grafting has 
come they have developed sprouts approximately 5 cm long. 

The tomato plants are cut at about handbreath above the pot by means of a sharp 
razor blade, after which a vertical incision some 3 cm deep is made diametrically 
across the stem. In this slit the end of a potato sprout, cut to a sharp wedge, is placed. 
Though sprouts of a smaller diameter than that of the stock generally will take, equal 
diameters are preferable. 

Immediately after the scion has been inserted the union is firmly tied by means of 
moist raffia. Most leaves of the potato sprout are removed in order to prevent 
excessive evaporation: only the leaves at the top remain. One or two leaves of the 
tomato plants are kept. 

The pots are placed in a cool and moist case of glass and after a good week almost 
all grafts have taken. Then the raffia is removed and the plants are taken from the 
pots and set out in an unheated glasshouse at sufficient distances for future hybri- 
dization work (Fig. 2). 

As soon as the plants are growing vigorously the remaining leaves of the tomato 
stock are removed. Towards the end of May the plants are trained on strings as 
is done in tomato growing. 

Watering is done when required, care being taken not to wet the union in order to 
avoid rot. 

Most branches of the scion are pruned from time to time so as not to have too 
bushy a growth. 


2.2. Double grafting 

The variety Doré, which flowers very rarely, gave bad results when grafted on 
tomato. A visitor suggested that success could perhaps be achieved by double grafting. 
Following this suggestion one of my collaborators grafted a Doré scion on Bintje, 
which itself had been grafted on tomato. The result was striking. Doré flowered and 
after pollination produced a few berries. 


‘ 
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2.3. Planting on stones 

Some varieties are treated differently. Early in April a brick of 21 x 10 x 5 cm is 
placed on the soil in an unheated glasshouse. A sprouting potato is put on it and 
everything is covered by sand which is kept moist. Soon the sprouts emerge and the 
roots grow over the brick and into the soil. As soon as the roots have penetrated 
deep enough in the soil the sand is removed by means of a jet of water so that the 
tuber and the upper parts of the roots are exposed. The plant is tied to sticks. 


2.4. Incision and ligature of the stem 


As mentioned above the variety Doré gave bad results when grafted on tomato. 
It grew better on bricks, but even under these circumstances the flowers eventually 
dropped. When, however, at the moment when the first flower buds showed signs of 
dying, incisions were made in some stems by means of a sharp knife, and if these 
stems were then tied with a string the picture changed. Good flowering was obtained 
and, after pollination, well-developed berries. 


Fia. 2 


VIEW IN A GREENHOUSE OF THE 
POTATO BREEDING STATION AT EMMEL- 
OORD. THE POTATO VARIETY BINTJE, 
GRAFTED ON TOMATO, IS MAN-HIGH 
AND FLOWERS ABUNDANTLY 
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3. RESULTS 


Under the conditions described above the plants grow very well. Bintje and many 
other established varieties or seedlings used as parental material when grafted on 
tomatoes reach a length of more than 2.5 m. 

However, some early varieties, for example Eersteling, Saskia, Sirtema and Doré, 
produce better results when planted according to the brick method. 

The cause of the differences in reaction is unknown. Some varieties start flowering 
as early as May and most of them flower until the end of August or later. 

Flowering is greatly stimulated. Inflorescences of 40 flowers are no exceptions, and 
undisturbed by wind or rain one can perform many crosses if care has been taken to 
grow enough pollen-producing plants. 

Unfortunately Bintje, though flowering profusely, forms few completely developed 
egg-cells and consequently very intensive pollination only produces a low yield of 
seed. The number of seeds in a fruit of Bintje varies between 0 to 15 and on an average 
we cannot count on more than 5 seeds per berry. Yet is has been possible to obtain 
about 30,000 seeds from some 500 plants of this variety. 

The above described grafting method allows us to obtain enough seed for our 
Station and for other breeders who take supplies from us. Being completely independ- 
ent of the freaks of the weather we can count each year on about half a million seeds 
from various crosses. 

These seeds come from some 500 plants of Bintje and from more than 200 plants 
of other varieties. If we had at our disposal n completely fertile varieties 4 n (n— 1) 
different crosses would be possible. With 50 varieties, for example, 1225 combinations 
would be possible. 

Of course not all plants used as parents are completely fertile, because male sterility 
may occur. In this case p (n—} p—}) different combinations are possible, in which n 
denotes again the total number of partners and p the number of partners that are 
completely fertile. Thus with 50 varieties, 31 of which are completely fertile, 31 
(50 — 15,5 — 0,5) — 1054 combinations are possible. 

Of course not all of these combinations are made, but the opportunity of performing 
during a long period a large number of crosses is of great value to our Station. 


4. SOME PHENOMENA RESULTING FROM THE TREATMENT AND THEIR PROBABLE CAUSES 


Various phenomena indicate that an accumulation of assimilates takes place in the 
aerial organs. 

4.1. Continued growth of the flower trusses resulting in very complicated in- 
florescences is of common occurrence. This phenomenon can best be explained by 
assuming that dormant buds in the inflorescences are induced to develop by an accu- 
mulation of assimilates. 

4.2. Tuberlike excressences at various places, for example at the axils of the leaves 
or in the flower trusses, point in the same direction. Not infrequently we find berries, 
flowers and tubers in one truss (Fig. 3). These tubers, when planted produce normal 
individuals of the scion-potato variety and do not show any characters of the tomato- 
stock. Aerial tubers of Bintje, for example, give pure Bintje plants. The seed of the 
plants grafted on tomato has never produced any plant with tomatolike features. 
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FIG. 3. A POTATO INFLORESCENCE THAT NOT ONLY PRODUCES BERRIES BUT ALSO AERIAL TUBERS 


During the early growth up to the end of July there is hardly any tuber formation, 
whether the plants are grafted or grown on stones. From early August onwards aerial 
tubers develop so profusely that there is no point in removing them, as new ones will 
then be formed immediately at other places. On the brick hundreds of small tubers 
appear, especially at the foot of the plant (Fig. 4). Flowering, however, has been so 
abundant before, that this tuber formation does no harm. When the grafting method 
is used we can observe similar phenomena. Here, in particular, stolons grow from 
the lower parts of the stems and bending downwards they try to reach the soil to 
form tubers there. 

Apparently during the early period of development the assimilates are used for a 
vigorous growth of the aerial parts and for abundant flowering. Later on they are 
stored in tuberlike swellings. It looks as though the plant tries to perpetuate itself 
by means of profuse tuber formation at various places, before the other parts die. 

Perhaps the diminishing light intensity induces the plants to develop tubers. It is 
remarkable that at first all stolons of plants grown on bricks develop into sprouts, 
which have to be removed to keep the plants from becoming too bushy for an easy 
execution of the crossing operation. This sprout formation ceases when the amount * 
of light decreases and after the beginning of August nothing apparently prevents 
tuber development. 

It is also a well-known fact that cut potato vines that are kept moist are prone to 
deposit assimilates in small tubers and perhaps a similar tendency develops in ageing 


plants on stones or on tomato stocks, which suffer also from a disturbed circulation 
of the products of assimilation. 
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The fact that incisions and ligatures are capable of inducing flowering also indicates 
that an accumulation of assimilates is the cause of this phenomenon. 


Two more observations are worthy of mention. In 1952, especially, but also in 
previous years, various grafts failed to grow after union had, been established. They 
exhibited viruslike symptoms. An investigation performed by A. ROZENDAAL at 
Wageningen showed that the plants were attacked by a tobacco mosaic virus, which 
probably penetrated the tomato stock during grafting. It is a known fact that cigarette 
tobacco often is contaminated with virus, which is easily transmitted to the tomato. 

In 1953 the operators did not smoke during grafting and their hands were disinfected 
with a solution of 8 % trisodium phosphate and 2 % soft soap and no virus symptoms 
developed. 

Another difficulty we encountered was the occurrence of Verticillium. The remnants 
of tomato roots were always removed, but finally it became necessary to disinfect the 
soil by means of chloropicrin (trichloronitromethane). This measure produced good 
results and in 1953 the greenhouse was in better condition than ever before. 


Fi. 4 

PROFUSE TUBER FORMATION AT THE 
BASIS OF A POTATO STEM SHORTLY 
BEFORE DYING. THE ROOTS HAVE 
PENETRATED INTO THE SOIL AROUND 
THE BRICK 
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5. SUMMARY 


Grafting on tomato and planting on bricks had a very favorable influence on flower 
formation in the potato. Double grafting, incising and ligating are useful auxiliary 
techniques. 

Experience is necessary to determine which method is preferable for a given variety. 

Flower induction is probably caused by an accumulation of assimilates. 

Care should be taken that no tobacco mosaic viruses can enter the grafted plants. 

When the work is done in greenhouses one is almost entirely independent of 
wheather conditions. Only a hot, dry period will sometimes cause dropping of the 
flowers. 


6. SAMENVATTING 
Ervaringen met bloeistimulering bij de aardappel 


Zowel enting op tomaten als uitpoot op stenen had een zeer gunstige invloed op de 
bloemvorming bij de aardappel. 

De ervaring moet uitmaken welke methode bij een bepaald ras de voorkeur verdient. 

Ophoping van assimilaten zal de oorzaak zijn van de versterkte bloei. 

Er moet worden toegezien, dat men ter voorkoming van het overbrengen van 
tabaksviren bij het enten zijn handen, die in aanraking zijn geweest met rooktabak, 
tevoren zorgvuldig ontsmet. 

Door te werken in een kas is men vrijwel onafhankelijk van de weersomstandig- 
heden. Slechts een hete, droge periode kan soms tijdelijk bloemafval tot gevolg hebben. 
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1. INTRODUCTION 


In a previous article (Euphytica 2, 1953: 187-196) a survey was given of results 
attained by colchicine treatment of germinating beet seed and selection of tetraploid 
individuals among the plants (the C‚) raised from this seed. In the present article 
the authors deal with the selection for tetraploidy in the first generation (the C‚) 
derived from the treated material. 


2. MATERIAL AND METHODS 


In the literature many methods of colchicine treatment are described (FRANDSEN, 
5; VON ROSEN, 9; RASMUSSON and LEVAN, 8; SCHLÖSSER, 10). After treatment the 
plants that failed to react are discarded in reliance upon their appearance and later 
on, in most cases, measurements of stomata and pollen grains are made. 

If one is dealing with inbred C, material stomata measurements can be reliable. 
Genetic differences between the plants with respect to these organs will then be small 
and, moreover, only diploid and tetraploid cells are present. Care must, however, be 
taken that the stomata examined are from leaves of the same physiological age and 
are located at corresponding places of the leaves (SCHWANITZ, 11; VISSER, 13). 

In the C, triploid plants occur and the difference between the stomata of these 
plants and tetraploid ones are always small even if the above conditions are satisfied 
(ERNOULD, 3). 

Determining whether beet plants are diploïd, triploid or tetraploid by measurements 
of pollen grains has the disadvantage that it is difficult to get equivalent pollen of the 
various plants if many individuals have to be handled. As flowering progresses the size 
of the pollen grains diminishes (ScHWANITZ, 11). Moreover, when a diploid plant is 
detected by means of pollen measurements, undesirable pollination has already 
occurred. 

In view of the above considerations stomata and pollen studies were abandoned 
and chromosome numbers of C, individuals were studied in cells of young leaves. 


2.1. Raising C, beets 


The first cytological study of the C, was performed on young plants that had devel- 
oped their first leaves. In autumn rows of 40 seed clusters were sown in batches in a 
greenhouse, each row being the offspring of one Co, mother plant. 

For every 5 rows of tetraploids one diploid control row was taken as a standard for 
comparing germination. It appeared that the seed of the control emerged about 
2 days before that of the tetraploids. This is in agreement with the generally accepted 
opinion that tetraploids develop slower than diploids. The emergence of the C, varied 
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greatly. In the tetraploid rows 15 to 65 plants per 40 seed clusters came up, whilst the 
diploid standards gave 80 to 120 plants per 40 clusters. ABEGG (1) found in experi- 
ments with germination of tetraploid seed that there was on an average only one 
viable seed per cluster. Table 1 gives data on the emergence of 40 clusters of C, seed 
of several varieties. 


Number of emerged C; plants 
(average 1951 and 1952) 
40 


59 


50 
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" KuhnP KME. Friso VSB. Alpha Barres 
StPyub EK 
Fia. 1. HISTOGRAM SHOWING THE AVERAGE NUMBER OF EMERGED C, 
PLANTS PER 40 CLUSTERS 


After emergence the rows were thinned to about 10 plants, some 2 cm apart. Thus 
the plants could be studied individually and errors during sampling for cytological 
examination could be avoided. 

As mentioned above the plants were examined at a very early stage. In order always 
to have material in this stage of development periodical seedings were made from 
mid-September until mid-December. 

The plants were raised at a temperature of 18° C and an illumination period of 
16 hours obtained by means of five 40 Watt fluorescent lighting tubes per m°. When 
the cytological examination had been made the tetraploids were potted as soon as 
possible, care being taken to remove most of the foliage in order to avoid excessive 
transpiration. It is desirable to finish the cytological work before mid-December as 
beets raised later remain too small and yield little seed. To speed up the breeding 
program it is desirable to induce the C, beets to produce seed within a year. This can 
be achieved by vernalization of the plants at an early stage (6). In 1952 for this pur- 
pose the plants were placed in cold frames in January. This method gave good results 
that year because there was little frost. Freezing, however, is a serious threat and in 
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1953 the material was placed in an potato storage room with outside-air cooling at a 
temperature of about 5° C and in which a day length of 24 hours was obtained 
by means of fluorescent lighting. 

At the end of February the beets were transferred to cold frames and in March 
they were planted out in the field. The results were excellent. All beets produced seed, 
which was harvested from the middle of August till the middle of September. 

Seed production by means of plants that have been rendered annual involves the 
danger of selecting for bolters (FeLrz, 4). This difficulty will arise if some C, beets 
remain vegetative while others produce flower stalks. In the case here described all 
beets produced seed and there was very little difference between their flowering times. 
The C, seed should be sown as early as possible, for seed production of plants sown 
in November was small. The beets planted out in the field should be well developed. 


2.2. Cytological study of the C, plants 


When the central leaves had reached a length of about 3 mm they were removed 
with the aid of fine scissors (Fig. 2) care being taken that as much as possible of the 
leaf basis was included, without injury to the growing point. 

The cytological testing of the C‚ referred to in the previous article (6a), must be con- 
sidered as a rough selection eliminating as many plants as possible having diploid 
tissue. For this purpose the method of preparation adopted was sufficient. (Fixing 
for 12 hours in a fluid composed of 3 parts alcohol 96 %, 1 part acetic acid 98 % and 
| part chloroform). In the C‚, however, triploids could also be expected, which made 
it desirable to have a more precise way of determining the number of chromosomes. 
(It should be borne in mind, however, that the necessity of handling a large number 
of samples makes it impossible always to ascertain the exact number). The technique 


_ Fig. 2. SAMPLING YOUNG C, LEAVES FOR FIXATION 
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Fig. 3. THE RIGHT STAGE FOR CYTOLOGICAL EXAMINATION OF THE PLANTS. ONE OF 
THE TWO FIRST LEAVES IS TAKEN 


of preparation was modified. First the material was kept for 3 hours in a 0.002 mol/l 
8-hydroxyquinoline solution (Tro and LEvAN, 12) at a temperature of 5° C. A water- 
jet pump was used to draw off the air from the leaves and to achieve their immersion. 
Then fixation followed in 4 parts alcohol 96 % and 1 part glacial acetic acid (VON 
Rosen, 9). After maceration in N HCI for 3 minutes at 60° C unstained smears were 
made of the leaf bases (BREMER-REINDERS and BREMER, 2). 

Test checks of older material demonstrated that in the C} derived from “tetraploids”, 
selected on the basis of the results reached with the above described method, triploids 
and diploids cropped up again. Therefore the C‚ plants were subjected to one more 
cytological examination before flowering. A few bracts or axillary leaflets of the 
flowering stalks were examined. This control allowed discarding 81 plants from a 
group of 705 C, plants. 

The occurrence of plants that showed a lower chromosome number than the tetra- 
ploid one is due to the fact that it is not always possible by means of the rapid exa- 
mination method to ascertain the exact chromosome number. Though triploids often 
are sterile crosses made by LEvAN between triploids have produced hybrids with a 
wide range of chromosome numbers, diploids occurring amongst them. 

lt is, therefore, of importance to rid the C, as completely as possible from nontetra- 
ploid individuals. 


3. RESULTS OBTAINED 


3.1. Zsolation of tetraploid C, plants in the autumn of 1951 


In 1950 the first treatment of germinating seed. with colchicine took place. The C, 


thus obtained produced seed in 1951. The progeny was examined cytologically with 
the following result: 
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TABLE |. RESULTS OF THE CYTOLOGICAL EXAMINATION OF C, BEETS IN 1951/1952 


N | Number of C, beets 
Varieh: Number of En | en en 
Co beets ‚_examined | 4n 3n 2n ee %4n 
l | | 

KD | 67 397 205 188 4 5156 
AAE PR 75 477 2SU NE 23 gs 8 48.2 
Eris. tele! sl 392 205 ESO ner 52.3 
MS BICGBi es 49 606 260 331 15 42.9 
Alpha ee, 35 443 307 123 13 69,3 
Barres Stryng X 18 529 289 | 226 | 14 | 54.6 
EG RN NS rtl 295 2844 1496 1293 SS 


The average percentage of 4 n beets was 52.6. 
Further there were 45.6 % 3 n and 1.9 % 2 n beets. 


3.2. Isolation of tetraploid C, plants in the autumn of 1952 


In order to increase the proportion of tetraploid C,‚ plants only seed produced 
by C‚ stalks that had not yielded any diploid cells during cytological checking were 
kept (Fig. 4). 


Fig. 4. RESULTS OF THE CYTOLOGICAL EXAMINATION OF BEET PLANTS IN THEIR SECOND YEAR OF GROWTH 
THAT WERE TREATED WITH COLCHICINE. OF EACH PLANT ONE TETRAPLOID STALK IS ALLOWED TO 


FLOWER 
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The cytological examination of the young C‚ plants was made in the winter 1952 
1953 and produced the following results. 


TABLE 2. RESULTS OF THE CYTOLOGICAL EXAMINATION OF C, BEETS IN 1952/1953 


Ninmbert Number of C, beets 

Variety 
C‚ beets examined 4n 3n | 2n | An 

| | 
KuhnP, „a 15 44 36 | B le s18 
K.W.E.. 4 10 ) | l | — | 90.— 
Frisoneen dk 43 168 125 | 39 4 74.4 
V.S.B. C.B 73 277 | 200 69 | 8 | 122 
Ah aen 88 284 | 227 53 | 4 | 79.9 
Barres Stryng X 65 | 212 | 172 | 35 5 81.1 

Totalen 288 995 | 769 205 21 


On an average 77.3 % of the individuals were tetraploid, this is about 25 % more 
than in 1951 (Table 1). 

There were 20.6 % triploids and 2.1 % diploids. 

Harvesting only stalks that did not reveal diploid tissues during the cytological 
examination offers advantages. 

The appearance of plants with less than 36 chromosomes can be explained by the 
occurrence of periclinal chimeras (FeLTz, 4) or mericlinal chimeras in the C‚, by 
“break down” (VoN ROSEN, 9), or by the influence of foreign pollen of diploid plants. 

It may be remarked here that frequently cells have been found with aneuploid 
chromosome numbers. As, however, the examination had to be performed quickly 
it was seldom possible to make exact counts. 

The fact that in Table 1 relatively less diploids are listed (1.9 % of the plants 
examined) than in Table 2 (2.1 % of the plants), though in 1951 all stalks were har- 
vested seems very remarkable. 

An explanation of this phenomenon may perhaps be sought in what has been said 
on the germination energy of the C, seed. The diploid controls on an average emerged 
2 days before the C‚ material. Owing to various circumstances the C, of 1951 was 
thinned out and sampled in a late stage and it is possible that in thinning the oldest 
plants were removed as they had passed the optimum stage for cytological examina- 
tion. In this way many diploids may have been eliminated. 

In 1952 the work with the C,‚ went more according to plan thanks to periodical 
seeding, so that in thinning more attention was paid to spacing of the plants than to 
the stage of development, all individuals of one batch being more or less in the same 
stage. 

In an investigation of a C, generation still in progress special attention is being paid 
to differences in development. It appeared that the plants first emerging were often 
diploid. Whether this may afford an explanation of the discrepancies between the 
number of diploids ín the C, generations of 1951 and 1952 remains to be investigated. 
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4. SUMMARY 


In 1950, 1951 and 1952 germinated seed of various sugar beet and fodder beet 
strains were treated with colchicine, with the object of obtaining tetraploid plants. 
The plants were examined cytologically in their first and second year. Only stalks of 
the C‚ generation (the treated one) in which no diploid cells were found were kept for 
seed production. 

By raising the tetraploid C, plants in greenhouses the year that the seed has been 
harvested and by vernalizing the young plants seed production is made annual. For 
vernalization the plants are kept in a potato storage room cooled by outside air to 
a temperature of about 5° C and under a day length of 24 hours. 

The results of the cytological examination demonstrated that collecting seed from 
tetraploid stalks of the C, presents advantages. The C, had about 77 % tetraploids. 

It should be noted that the determination of the chromosome numbers of polyploid 
material is preferable to measurements of stomata or pollen grains as the latter are 
not reliable. 

The investigations are being continued. Yield trials with tetraploid material have 
been made by D. KrLOEN. 


5. SAMENVATTING 


Het verkrijgen van tetraploide bieten. II. Selectie in de le generatie (de C‚) van het 
behandelde materiaal. 


In 1950, 1951 en 1952 werd gekiemd zaad van verschillende suiker- en voederbieten- 
rassen met colchicine behandeld. Het doel daarbij was tetraploiden te verkrijgen als 
uitgangsmateriaal voor verdere veredeling. 

In hun eerste en tweede levensjaar werden de planten (C‚) cytologisch onderzocht. 
Er werd alleen zaad geoogst van stengels, waarin geen diploide cellen werden aan- 
getroffen. Het geoogste zaad werd spoedig daarna in de kas uitgezaaid, teneinde nog 
in dezelfde herfst de tetraploiden te kunnen afzonderen. De duur van de selectie werd 
verkort door het aldus verkregen materiaal te vernaliseren. Hierdoor werd de zaad- 
teelt eenjarig gemaakt. 

In 1951 werd zaad geoogst van alle aanwezige C, stengels, terwijl slechts één of 
enkele werden onderzocht. In 1952 daarentegen werd alleen zaad geoogst van stengels, 
waarin bij cytologisch onderzoek geen diploide cellen werden aangetroffen. Het per- 
_centage tetraploiden in de C, was in het eerste geval + 53 %, in het tweede geval 
EET 7e 

Het vaststellen van het chromosomenaantal is te verkiezen boven het verrichten 
van metingen aan stomata en pollenkorrels, aangezien dit materiaal niet altijd be- 
trouwbaar is. 

Het onderzoek wordt voortgezet. Getracht zal worden het percentage tetraploiden 
te vergroten. Met het beschikbare tetraploide materiaal zijn door D. KLOEN voor- 


_lopige opbrengstproeven genomen. 
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BREEDING FOR STALK-ROT RESISTANCE IN MAIZE 


A REVIEW 
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One of the attributes of hybrid maize is its increased measure of disease resistance. 
Even so, a disease complex collectively known as stalk rot which is caused by a number 
of different pathogens still constitutes a serious problem, particularly in Wisconsin and 
other northern corn-growing regions including The Netherlands. The present paper is 
a review of the procedures and techniques developed by maize breeders and patholo- 
gists in an attempt to meet this challenge. 


Stalk rots of maize are caused by some of the same fungi Diplodia zeae, Gibberella 
zeae, and Gibberella fujikuroi which cause ear rots and seedling blights. The diseases 
are particularly noticeable as maize matures during September and October. Most fre- 
quently the rots develop upward from the adventitious roots and erown into the stalk 
(Fig. 1) causing premature drying, chaffy or rotted ears, shank breakage, ear dropping, 
and stalk breakage, with consequent loss in yield and quality of grain as well as 
increased harvesting difficulty. 


Dd 
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Fig. 1. SECTIONS THROUGH DISEASED AND HEALTHY STALKS OF MAIZE. NOTE HOW THE ROT HAS PROCEEDED 
UPWARD FROM THE ROOTS AND RESULTED IN STALK BREAKAGE. 


Lr 


1) Guest lecturer at the Agricultural University at Wageningen during the 1953-1954 academic 
year; on leave as Associate Professor of Agronomy, University of Wisconsin, U.S.A. ' 

2) Thanks are extended to Dr N. P. NEAL, University of Wisconsin and P. E. Horre, U.S.D.A., for 
various photographs. 
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In natural infections the organisms usually enter through a root or at a node 
through a bud or leaf. They may also enter through lesions within the leaf sheaths. 
Shortly after pollination reddish-purple to dark brown blotches appear on the leaf 
sheaths and extend into the nodes and basal portions of the internodes. It is some time, 
however, before the disease assumes destructive proportions. As the infected plants 
approach maturity the fungus established in the parenchymatous tissue of the stalk 
advances intercellularly from internode to internode, even through the shank and into 
the ear. 

There is disagreement among pathologists as to the comparative importance of the 
different fungi causing stalk rots of maize. Diplodia stalk rot is apparently more seri- 
ous during the early ripening period but later, particularly after heavy frost, the Gibbe- 
rella rots may assume greater importance. Damage from the stalk rots also varies ex- 
tensively from year to year depending on current weather conditions. They are favored 
by warm, humid falls. Great differences also exist between inbred lines (Fig. 2) and 


Fr. 2. VARIATION IN RESPONSE TO STALK ROT INOCULATION. VERY SUSCEPTIBLE LINE IN CENTER WITH 
HIGHLY RESISTANT LINES ON EITHER SIDE. 


hybrids in resistance to stalk-rotting diseases. In general, and this is of great import- 
ance to maize growers in Wisconsin and in the Netherlands, early maturing corn is 
more susceptible than later kinds. This is particularly true of the flint varieties, which 
are characterized by early maturity. As corn was selected for the early ripening re- 
quired in northern areas, the ears that ripened first were naturally saved as the most 
suitable for the next year’s seed. It is now apparent that the early maturity of many of 
these selected lines was actually premature ripening induced by stalk-rotting organisms. 
Consequently stalk-rot susceptibility accompanied the development of early, open- 
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pollinated varieties. Inbred lines developed from these varieties are also likely to be 
stalk-rot susceptible. 

Aside from weather conditions and genetic differences among strains other factors 
influence the prevalence of the stalk-rot diseases. The amount of infection material or 
inoculum carried over from the previous year is of some importance. Since spores are 
carried widely by the wind, crop rotation is only of minor value as a control measure, 
however. Leaf injuries, such as those caused by blight when corn is in the milk stage, 
change the composition of the stalk and make plants more susceptible to Diplodia rot. 
Indeed a means of increasing natural infections of Diplodia stalk-rot consists simply of 
cutting off the outer halves of the leaves approximately 20 days after pollination, thus 
simulating the loss of leaf surface by leaf blight. In recent years the corn borer larvae, 
by making holes through which the disease fungi enter, have greatly complicated the 
stalk-rot problem. Frequently the rot which follows is more damaging than the chan- 
nels made by the borer. When the fertility of the soil is out of balance, particularly re- 
garding insufficient potash, serious stalk rots also develop. Heavy rates of planting and 
strains that tend to tiller profusely also tend to show more stalk rot, a fact probably 
associated with the greater crowding and consequent general weakening of the stalks. 

Since stalk-rotting organisms cause premature drying, inbred lines in breeding 
nurseries may be rated for stalk-rot resistance on this basis provided all the lines of the 
test are of approximately the same maturity. Some breeders wait until maturity then 


Fig. 3. ARTIFICIAL INOCULATION FOR 
DIPLODIA STALK ROT WITH 
HYPODERMIC TYPE NEEDLE. 
WOUND IS USUALLY MADE IN 
FIRST INTERNODE THAT IS 
COMPLETELY ABOVE GROUND. 
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record the number of stalks that are broken below the ear either naturally or after they 
have been given a short push. Whatever the method of reading inbreds with respect to 
stalk-rot resistance, it has become apparent that natural infection is too variable and 
undependable to be used to good advantage in a breeding program. Many apparently 
resistant lines are simply escapers. More reliable results are obtained as a result of 
uniform artificial inoculations. 

Stalk rot inoculations with Diplodia zeae are now being practiced by most maize 
breeders based on the initial technique of P. E. Horre at Wisconsin. 

In one procedure cultures of the fungus are started on cooked oats about six weeks 
before they are needed and grown exposed to indoor daylight to get good sporulation. 
These cultures are macerated in water before using, and the larger solid matter removed 
by filtering through a 14 mesh sieve or fly screen and then through cheese cloth. This 
water suspension is placed in a hypodermic needle type inoculator which is essentially 
a hollow eylinder with attached hollow needle and serew cap (Fig. 3). After the stalk is 
punctured the screw cap or plunger is tightened one revolution to expel a constant 
amount of inoculum. It is well to agitate the solution frequently during use. The inocu- 
lators vary in size but may hold enough solution for 300 stalks without refilling. Inocu- 
lations are made one or two weeks after flowering, the needle being thrust into an 


Fig. 4. EXTERNAL VIEW OF STALKS 
SHOWING _VARIATION IN 
RESPONSE OF INBRED LINES 
TO ARTIFICIAL STALK-ROT 
INOCULATION. LEFT TO 
RIGHT: VERY SUSCEPTIBLE, 
INTERMEDIATE, RESISTANT. 
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Fig. 5. SECTIONS THROUGH STALKS OF 
INBREDS AND HYBRIDS SEVERAL 
WEEKS AFTER ARTIFICIAL IN- 
OCULATION WITH STALK-ROT- 
TING ORGANISMS. LEFT: TWO 
RESISTANT INBREDS AND THEIR 
F1 HYBRID. RIGHT: TWO SUS- 
CEPTIBLE INBREDS AND THEIR 
F, HYBRID. 


internode of the stalk six to twelve inches above the ground. Many hundreds of inbred 
lines are thus inoculated and evaluated for reaction to stalk rct at Wisconsin each 
year. About a month after inoculation it is possible to evaluate the inbred lines by 
noting the spread of the disease in the stalks (Fig. 4). The usual practice is to split the 
stalks at maturity and record the number of rotted internodes (Fig. 5). An outstanding 
example of the results achieved by this procedure is the Wisconsin inbred line W 22 
wbich is highly resistant to stalk rot. It was developed by careful selection from thou- 
sands of corn plants that had been artificially infected with stalk rot by using the 
hypodermic needle. 

Resistance is not of a simple monogenic nature for any of the pathogens that cause 
stalk rot. Some lines show very little spread of the diseases, others are very susceptible, 
and still others show intermediate gradations. While the genetic nature of stalk-rot 
resistance has not been worked out, it is well demonstrated that stalk-rot resistant 
inbreds contribute resistance to their hybrid offspring. 

Attention is called particularly to the response of inbreds WF 9 (nearly resistant) 
and inbred 23 (very susceptible) as shown in figure 5. In another series of assays at 
Wisconsin, namely for resistance of inbred seedlings to Pythium when grown at low 
temperatures (cold tolerance), these lines have exactly the opposite response. Inbred 
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WF 9 has very poor cold tolerance while inbred 23 has good cold tolerance, illustrating 
one of the basic tenants of maize breeding: No inbred possesses all the good characters 
but together they may suppliment each other to produce a superior hybrid. 

Other techniques than the one described are in use for Diplodia stalk rot inocula- 
tions. For example short lenghts of pipe stem cleaners or tooth picks soaked in a spore 
suspension or covered with dry spores may be placed in previously made holes in the 
stalks and left there. 

It should be pointed out that the inoculation techniques described are for Diplodia. 
Similar inoculations with Gibberella have not been very successful. Some stalk rot 
develops after Gibberella inoculation but little more than occurs naturally through the 
wound when sterile water is used. Unfortunately inbreds resistant to Diplodia may be 
very susceptible to Gibberella. Breeders must stillrely on natural infection in seeking 
stalk resistance to Gibberella. 

Intensive selection for stalk-rot resistance using both inoculation and natural infec- 
tion as just described has resulted in an ever increasing number of inbred lines with a 
substantial degree of resistance to these diseases. The lines in turn contribute resistance 
to their hybrid offspring. In addition to finding new inbred lines that possess stalk- 
rot resistance this quality is also being bred into otherwise good inbred lines that lack 
it, particularly the early northern lines. The inbred is outcrossed to another line that 
possesses good stalk-rot resistance. The F, is then backcrossed two or three genera- 
tions to the original line into which it is desired to incorporate resistance, followed by 
several years of self pollinations. During backerossing and selfing, artificial inocula- 
tion is practiced to provide a basis for selecting the resistant progenies. In this way it is 


possible to recover the original line to which a new quality, stalk-rot resistance, has 
been added. 


SAMENVATTING 
Het kweken op resistentie tegen stengelrot bij mais 


In de op hogere breedte gelegen mais verbouwende gebieden is stengelrot één van de 
ernstigste ziekten, welke men eerst met de intrede van de hybride maisrassen onder de 
knie heeft gekregen. De veroorzakers van deze via de wortels binnendringende en 
zich door de gehele stengel verbreidende ziekte zijn Diplodia zeae en Gibberella zeae. 
Er heerst onder de onderzoekers verschil van mening, welke van deze twee de ergste 
boosdoener is; wel staat vast dat de vatbaarheid voor deze twee parasieten niet parallel 
gaat. Onder de open bestoven maisrassen komt natuurlijke resistentie voor; de wijze, 
waarop deze eigenschap overerft is nog niet nauwkeurig geanalyseerd. Aangezien na- 
tuurlijke infectie te wisselvallig is om daarop een kweekprogramma te baseren, ont- 
wikkelde Hoppe in Wisconsin een inoculatiemethode, welke het mogelijk maakte 
massale infectie toe te passen, ten einde deze resistente exemplaren op te sporen. Deze 
dienden als uitgangspunt voor resistente stammen, met behulp waarvan door kruising 
gevolgd door herhaalde terugkruising, de eigenschap van stengelrot-resistentie op an- 
dere stammen wordt overgebracht. Toen eenmaal inteeltstammen waren verkregen 


welke — naast hun overige goede eigenschappen — ook stengelrot-resistentie bezaten, 
was het mogelijk resistente hybriden samen te stellen. 
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INTRODUCTION 


In March 1946, young plants of Petkus rye were treated with colchicine by Miss 
D. E. REINDERS in order to obtain tetraploid plants with 28 chromosomes. The plants 
treated developed normally, each of them bearing several ears in June of that year. 
A number of these ears were collected and fixed by G. BREMER for a preliminary cyto- 
logical investigation of the pollen mother-cells. In several cases it appeared that 
chromosome doubling had taken place. 

À large number of seeds from the mature ears of these plants were sown in small 
pots. The root tips of many were studied cytologically. In all, 61 tetraploids were 
found, of which a small number died during the winter of 194647. The remainder 
were planted out in the field in the spring of 1947 and in the summer of that year 49 
of them produced seed. The first selection was made in these 49 original tetraploids 
and the 33 best plants were propagated by seed and bred to strains of which 28 are still 
maintained. 

Colchicine treatment of rye was continued by D. E. BREMER-REINDERS in the 
following years. Tetraploids were obtained from several other varieties and the 
tetraploid material of Petkus rye was greatly increased by treating other plants of this 
variety. The cytological research was carried out by G. BREMER. 

Creation of autotetraploid rye, however, was achieved much earlier in other coun- 
tries. In the U.S.A. Dorsey obtained tetraploid rye in 1936 by means of heat shock. 

_MüNntzING discovered a diploid-tetraploid chimaera in 1938 in the Swedish variety 
“Östgöta grârâg”’. By crossing this rye with DoRSEY’s American tetraploid, MüNTZING 
obtained a tetraploid strain “Swedish x American”. 

In 1938 VoN SENGBUSCH obtained tetraploid rye for the first time by colchicine 

treatment. Later this was done also in Sweden, the U.S.A. and other countries. Seed 
setting in the first tetraploid strains of rye was poor. Breeding of tetraploid rye to 
obtain a tetraploid plant of greatly increased fertility, high yields of grain, was under- 

taken especially in Germany and Sweden. This led in 1951 to the distribution of 
tetraploid rye strains to farmers in these countries. 

Our experience with tetraploid rye is less advanced than that of Sweden and Ger- 

_ many, where breeding started at an earlier date. We have, however, already so much 
data at our disposal, that it is certainly worthwhile to publish them. 

__This paper gives a survey of our work on tetraploid rye over the period 1946-1952. 
The first part will deal in particular with a description of the methods employed and 

_the cytological investigations carried out. 


1. METHODS 
The first tetraploid rye plants were obtained by immersing the roots of young rye 
plants in a solution of colchicine, in accordance with the NAVASHIN-GERASSIMOVA 
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method. As pointed out in our paper “Methods used for producing polyploid agri- 
cultural plants”, this method was not very satisfactory. Much better results were 
obtained by immersing germinating seeds in a shallow layer of colchicine solution in 
petri dishes, a method also described in the above mentioned paper. We will limit 
ourselves here to mentioning that treatment for 2 hours with 0.2 % colchicine solution 
and for 3 hours with 0.1 ®% solution, both at a temperature of 27 °C, appeared to give 
good results. Although the mortality of the plants treated was rather large, a sufficient 
number survived. In the years 1950 and 1951 a total of 270 treated plants were chosen 
for cytological examination. Among these plants there were 167 specimens that gave 
tetraploid offspring, 114 plants giving exclusively tetraploids and 53 plants, being 
mixoploid, giving tetraploid as well as diploid progeny. In all 4125 tetraploid plants 
were obtained. 

All the first tetraploid plants and the majority of the later tetraploids were obtained 
from Petkus rye. In addition to this variety more than twenty other rye varieties were 
treated with colchicine and converted to tetraploids. Several of these will be mentioned 
in the next paragraph. 

The cytological research was carried out on root tips and pollen mother-cells. Root 
tips were fixed in Navashin or in Craf. For an exact count of euploid and aneuploid 
chromosome numbers microtome sections were made. They were stained with gentian 
violet or with leuco-basic fuchsin. To sort out tetraploid seedlings from diploids, 
squash preparations were used which were first stained with leuco-basic fuchsin, 
according to BADHURI’s method but without counterstaining with light green. Mace- 
ration was done by placing seventy tubes together in a metal rack as described in the 
above mentioned paper. Maceration took 25 minutes at a temperature of 62 °C. One 
person could examine 140 seedlings a day, whilst another person made the preparations. 
When a phase-contrast microscope was used in 1950, however, chromosomes could 
be seen in unstained preparations. In this way it took only an average of 1} to 2 
minutes to determine whether a plant was diploid or tetraploid. 

Meiosis was studied on microtome sections and permanent smears. Microtome secti- 
ons were made exclusively from flowers of ears that had been fixed with Craf after a short 
prefixation in Carnoy 6:3:1. These preparations were stained with gentian violet or 
Feulgen. Permanent smears were made from material fixed in Craf or in acetic alcohol 
3:1. Staining with gentian violet or Feulgen was also applied for the Craf material, 
the smears stained in acetic alcohol being stained with aceto carmine or orcein. 


2. CYTOLOGICAL INVESTIGATIONS 


a. Production of tetraploid rye plants 

The first Petkus rye plants treated with colchicine in March 1946 showed very good 
tillering in May and June of that year and bore several ears. In this period one or two 
ears from each of 37 individuals were fixed and permanent smears made of pollen 
mother-cells. The ears collected from 6 plants appeared to be either too young or too 
old. In 16 plants the ears collected happened to be diploid, in 14 plants they were 
mixoploid, and in one plant the ear chosen was tetraploid. In mixoploid ears the 
distribution of diploid and tetraploid p.m. cells showed marked variations. In some 
cases whole flowers were diploid or tetraploid, in one case a flower had two anthers 
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that were diploid and one that was tetraploid, or there were anthers that showed a 
mosaic of diploid and tetraploid cells. 

The mature ears of all of these 37 plants were harvested. The seed setting varied 
considerably. The seeds from each ear were sown separately in small pots, the total num- 
ber of seeds being more than 1600. Many seedlings were studied cytologically by means 
of squash preparation of root tips. Ears with a good seed set gave only diploid seed- 
lings. Tetraploids descended exclusively from ears with very féw grains. A total of 61 
tetraploids were found. The fact that several of the plants treated gave ears with few 
seeds side by side with ears having good seed setting was in accordance with obser- 
vations by MüNntzING. MüntzING found that seed setting of tetraploid rye suffers 
considerably from pollen of diploid rye grown in the vicinity. HÄKANSSON and 
ELLERSTRÖM stated that fertilization between diploid and monoploid gametes in rye 
may easily take place, but that triploid seeds rarely develop, owing to the early dis- 
integration of the embryo. In our experiments the occurrence of ears with few seeds 
must be attributed to the fact that the ears themselves were tetraploid or mixoploid, 
and seed setting was handicapped by the presence of much monoploid pollen from 
surrounding mixoploid or diploid plants. 

It appears that the 61 tetraploid plants came from 17 of the 37 plants examined. 
Moreover it was concluded from the cytological preparations that there were another 
6 mixoploids that gave no tetraploid seedlings. Thus, in all probability, more than 17 
father plants contributed to the formation of the 61 tetraploids. 

Thetetraploid rye grown at present by the Institute of Agricultural Plant Breeding is 
derivedforthe greater partfrom49 of the 61 original tetraploidsthat produced seed in1947. 

As already mentioned in the foregoing paragraph, large numbers of new tetraploids 
of more than twenty rye varieties were obtained in later years, chiefly by application 
of the new colchicine treatment. The main results obtained are given in Table 1. 


TABLE |. NUMBER OF TETRAPLOIDS AND MIXOPLOIDS OBTAINED BY COLCHICINE TREATMENT OF SEVERAL 
RYE VARIETIES 


Number of | Number of 
Method dean eben 
Ad treatment | investkation | Jed chosen oare Obe, ned (rop 
gation or mixo- | the plants 
ploid treated 

n Petkus rye 1947/48, 1948/49 1950 99 78 1934 

n Carsten rye 1948/49 1950, 1951 8 8 147 

n Hellkorn 1949/50, 1950/51 | 1950, 1951 29 23 360 

o Kings rye 1948/49 1950, 1951 5 5 47 

o,n Steel rye 1948/49 1950, 1951 5 4 63 

o Wloszanowo 1946/47 1948 15 5 SU 

n Brandts Marien 1949/50 1951 54 48 622 
o Marienhofer 

Melker 1947/48 1948 3 1 2 

o Wjatka 1947/48 1949 2 1 9 

o Onni 1948/49 1950 3 3 9 

o Old Terschellinger 1946/47 1948 26 6 17 

fo) Amelander 1948/49 1950 4 4 45 

o) Kruiprogge 1947/48 1948 8 2 4 

n Leuvenum 1949/50 1951 40 27 305 

n Ottersum 1949/50 1951 22 18 254 
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It is clear from this table that the number of tetraploids created by the new method 
of colchicine treatment is much larger than that obtained by the old method. 


b. Frequency of euploid and aneuploid plants 


Autotetraploid rye is derived from diploid rye by doubling the chromosomes. Diploid rye has 14 
chromosomes that form 7 bivalents (pairs of homologous chromosomes) during the first meiotic 
division of the pollen mother-cells and embryo sac mother-cells. The result of the nuclear division 
of these cells is that each of the daughter nuclei receives a set of 7 single chromosomes. Tetraploid 
rye, however, usually has 28 chromosomes. Here seven times four chromosomes are homologous 
and may form 7 quadrivalent chromosomes. Observations made on the meiotic division of tetraploid 
rye will be described later. Here it will suffice to mention that quadrivalent formation is often 
disturbed. Different combinations of quadrivalent, trivalent, bivalent and univalent chromosomes 
occur in the metaphase of the first meiotic division. In the following anaphase this gives a very 
irregular distribution of chromosomes over the daughter nuclei, so that pollen grains and egg cells 
are formed that have chromosome numbers such as 12, 13, 15, 16 etc., instead of 14. Since these 
sexual cells with abnormal chromosome numbers may be fertile, new rye individuals with deviating 
chromosome numbers may be formed. Such individuals are called aneuploid, and in tetraploid rye 
they can have 27, 29 or 30 chromosomes even, in extremely rare cases, 26 and 31 chromosomes, in 
contrast to the euploid plants with the normal chromosome number 28. 


Most aneuploid rye individuals show a low degree of fertility and also poor vegetative 
development. Their occurrence must be prevented as far as possible. 

It was of great importance to know their percentage in different generations of 
tetraploid rye. 

The somatic chromosome numbers of the first tetraploid rye plants obtained from 
the mixoploids in 194647 could not be counted accurately, since here tetraploidy 
was determined by means of squash preparations of root tips, in which the deter- 
mination of the exact chromosome number was rarely possible. 

The chromosome numbers of many plants belonging to the second generation of 
194748 could be determined accurately in microtome sections of root tips of young 
plants raised from the seeds of the original tetraploids. 

The plants that were examined belonged to four different categories of seeds. The 
results are summarized in Table 2. 


TABLE 2. PERCENTAGE OF ANEUPLOIDS IN PLANTS OF THE SECOND GENERATION 


Quality of the seeds from which the Chromosome number We AD Aneuploid 
plants were raised | 
27 28 2930 Total | Percentage 
I Good seeds taken from original 
Plantes ite AAE 5 43 8 1 57 14 24.5 % 
U Good seeds (for multiplying to | 
ClÓTES) Mere En NE Ji 65 18 2) 92 27 2930 
Jan Bad seeds from ears with many 
EOOUSEETS 10 28 il 45 17 315 
IV __ | Small, shrivelledseeds . . . . bal 18 6 NE 13 419%, 
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Series I contained 57 plants raised from good seeds. After fixation of root tips, these 
plants were planted out in the field. When harvested in 1948 these plants were numbered 
according to weight in grains per ear. Plant 1 had an “ear weight” of 4.04 grs, plant 
57 an ear weight of 0.53 grs. 

The 17 plants with the heaviest ear weights were all euploids with 28 chromosomes. 
Plant 18 (see Fig. 1) was an aneuploid with 29 chromosomesand an ear weight of 
2.75 grs. The plants 19 to 42 were again all euploids. Plant 43 had 29 chromosomes 
and an ear weight of 1.92 grs. Plant 44 was euploid and plants 45 and 46 were aneu- 
ploids with 29 and 27 chromosomes respectively. Plant 47 was the last euploid on the 
list; the plants 48 to 57 had 29, 27, 30, 29, 27, 29, 27, 27, 29, 29 chromosomes respec- 
tively and ear weights ranging from 1.84 grs. to 0.53 grs. The results of this experiment 
are illustrated in Fig. 1. There were 14 aneuploids, 10 of which gave the lowest ear- 
weight of all, the other 4 also coming towards the end of the list. Thus the existence of 


a correlation between aneuploidy and bad yields in these plants was established 
beyond doubt. 


FIG. 1. THE CORRELATION BETWEEN EAR WEIGHT AND CHROMOSOME NUMBER 


ä r Ee en m n ma 
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Series II contains the results of 92 seedlings from good seeds that were multiplied to 
clones. Among the seedlings deriving from the 10 parent plants, 27 aneuploids were 
found. Although few aneuploids were obtained from most of these parents, there was 
one striking exception. Among 10 seedlings of one parent there were 9 aneuploids and 
only one euploid seedling. Of these 9 aneuploids, one had 27 chromosomes, seven 
29 chromosomes and one 30 chromosomes. It seems probable therefore that the 
parent plant itself was an aneuploid with 29 chromosomes. 

From series II it appeared that the aneuploids were not only bad seed producers, 
but that their vegetative reproduction was inferior to that of the euploids. Vegetative 
propagation was two and a half times slower than that of euploids and moreover the 


_aneuploid plants were much poorer. 


Of the euploid clones 48 (74 %) were well developed and 17 poorly developed. 


“Within the aneuploid clones a good development was found in only 7 cases (26 %). In 


the same time that the 65 euploids could be multiplied to a total of 1137 plants, only 
193 plants could be obtained from the 27 aneuploid clones. On an average the multi- 


plication of the euploids was therefore 1 to 17.5 compared with the aneuploids’ 1 to 7. 


Series III shows that bad seeds give a higher percentage of aneuploids than good 


_ seeds. The percentage of aneuploid plants from bad seeds amounted to 37.7 os 


A still higher percentage of aneuploid plants was obtained from seeds so bad that 


no germination was expected (Series IV). Of the 31 plants that were obtained, 13 were 
__aneuploids, giving a percentage of 41.9 %. 


Investigations into the percentage of aneuploids derived from good seeds were 
| ò 


G. BREMER AND D.E. BREMER-REINDERS 


repeated in later years. The seeds used were of the same quality as seeds that were 
individually planted in the field for breeding experiments (Table 3). 


TABLE 3. CHROMOSOME NUMBERS OF PLANTS RAISED FROM ‘GOOD’ SEEDS PRODUCED BY PLANTS OF 
THE SECOND, THIRD AND SIXTH GENERATIONS OF TETRAPLOID RYE 


| | A loid 
Good seeds en ee st bei neuploi 
ek 26 | Di | 28 | 29 | 30 | 31 | | Total | Percentage 
| | | | | | | | 
1948 — 14 | 438 | 46 | kad l 500 | 62 | 12.40 
1949 1 25 419 20 | zl 477 | 58 12.16 
1952 Fesde | 421338 A oh SNTE 


In 1948, 500 seeds from plants selected that year were sown. The plants selected 
belonged to ten of the 33 strains derived from the best original plants of 194647. 
50 seeds were taken from each strain. Thus two selections were made. Firstly on the 
original 1947 plants from which the strains were obtained and secondly in 1948 when 
the best plants were selected from each strain. These 500 seeds gave 62 aneuploid 
seedlings i.e. 12.40 %. The figures obtained per strain, however, indicated a different 
degree of aneuploidy in the strains. The lowest number of aneuploids found in a 
strain was 2 (4 %), the highest number 12 (24 %). 

In 1950, 500 seeds, derived from 15 strains harvested in 1949, were sown out to be 
multiplied to clones. The chromosome number was ascertained in 477 of the young 
seedlings; there were 58 aneuploid plants (12.16 %). 

In 1953, 365 seedlings, from seeds harvested in 1952 and belonging to 13 strains, 
were investigated. The number of aneuploids was 27 (7.40 %). 

Thus good seeds from selected plants of the first tetraploid generation (Table 2) 
produced about 25 % aneuploids. Good seeds from selected plants of the third 
generation, where selection of plants had been carried out for the third time, gave 
about 12% aneuploids. Good seeds from selected plants of the sixth generation, 
where selection was carried out six times, gave about 7.5 %. This shows that a steady 
decrease of aneuploidy occurred under continued selection. 

Finally it must be pointed out that, in 1952, chromosome numbers were determined 
in material subject to less rigorous selection, the seeds being taken from a rye field 
harvested and threshed in the ordinary way (Table 4). 


TABLE 4. (CHROMOSOME NUMBERS IN LESS RIGOROUSLY SELECTED MATERIAL 


en Chromosome numbers Aneuploids 
bad At rade ded Aaa Total |_ Percentage 
1952 | 1 | 27 | ph) | led | = | — | 300 | 45 | 15.00 


| 


It appears that the percentage of aneuploids in this material is much higher than in 
seeds selected for breeding purposes (Table 3). This is not surprising. The latter seeds 
were taken from selected plants that were probably all euploid. The seed for normal 
sowing on larger plots was sifted, but not selected, and had been derived from unse- 
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lected plants in a plot containing a small percentage of aneuploid plants. These 
aneuploid plants, however, produce a much greater quantity of aneuploid seeds than 
do euploid plants. 

The results obtained in these investigations into aneuploidy may be summarized in 
this way: 

L. Bad seeds produce a larger percentage of aneuploid seedlings than do good seeds. 
In the second generation of tetraploid rye, about 27 % aneuploid plants were found 
in good seeds; bad seeds gave about 40 % aneuploids (Table 2). 

2. In the case of good seeds, selection gave a decrease in aneuploidy from approx- 
imately 27 % in the second generation to 12.16 % in the fourth generation and 7.40 % 
in the seventh generation. Bad seeds were much more frequent in the ears of the first 
and second generation of tetraploid rye than in later generations and in addition an 
improvement was noticed in the quality of the “good” seeds, which, in the first years, 
still displayed a certain shrivelling. 

3. Superaneuploid plants with 29, 30 and 31 chromosomes, were more frequent in 
the first years than subaneuploid plants with 26 and 27 chromosomes. A summation 
of the results of 1947 and 1948 gives 42 subaneuploid plants, 91 superaneuploids and 
592 euploids. In 1952, however, after a few more years of selection, subaneuploid 
plants appeared to be equal in number or perhaps somewhat more frequent than 
superaneuploids, the total figures (Table 3 and Table 4) being 41 subaneuploids, 31 
superaneuploids and 593 euploids. 


c. Sterile plants 

In rare cases we found plants in our plots of tetraploid rye that were almost sterile. 
They were particularly conspicuous at maturity by the erect stand of the ears, which 
in most cases had very few seeds. 

In the second generation of our tetraploid rye there were in all 4400 plants, 12 (0.27 %) 
of them belonging to the sterile plants in question. In later years these were rarer. In 
1949 there were 9 sterile plants among 20924 (0.04 %); in 1950 84 among 53567 
(0.15 %); in 1951 10 among 19446 (0.05 %) and in 1953 10 among 39124 (0.025 %). 

The eleven plants of 194748 could be divided in two groups: 

L. Seven plants had, in addition to a varying number of fertile ears, one or more 
sterile ears. 

2. Five plants were completely sterile. 

The fertile ears of the first group gave a normal tetraploid offspring. The sterile 
ears had very few seeds and these were mostly shrivelled and germinated only partially. 
The seedlings obtained, however, were tetraploid. This may be illustrated by two 
examples. One plant had seven normal ears, which produced 442 seeds giving a normal 
tetraploid offspring. In addition there were 8 ears that had 47 seeds, of which 12 seeds 
germinated and gave an offspring consisting of 10 plants with 28 chromosomes and 
2 plants with 29 chromosomes. The other plant had seven normal ears with 339 seeds 
and 7 sterile ears with 17 seeds that produced 10 plants with 28 chromosomes. 

All seven plants of the first group were grown between fertile plants on a rather 
_small plot. They originated from different mother plants. In other plots in the neigh- 
bourhood such sterile plants were absent. The occurrence of these sterile plants is an 
unsolved problem. 
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The 5 sterile plants of the second group, which showed sterility in all ears, produced 
a very small number of grains. Table 5 shows the chromosome numbers of the seedlings 
obtained from these plants. 


TABLE 5. CHROMOSOME NUMBERS OF SEEDLINGS FROM 5 PLANTS THAT WERE ALMOST TOTALLY STERILE 
AND WHICH BELONGED TO THE SECOND GENERATION OF 1948. 


Total | Number | Chromosome numbers 
Number | 
Plant Nr number | of seeds ; 
of seeds germinated 28 | 29 27 26 DE 23 | 14 
[ 
I 12 43 ls 423 Seil 10 sehr Atral st Zeral sh 
II 15 24 | 9 EE A ME 1 EN En a 
UI 4 10 | 5 | ENEN em SA he 
IV 13 15 13 We ee Ie e= EN a ll 
V 13 1 9 ep jen er 


The chromosome numbers of the seedlings of the first 3 plants varied from 29 to 14, 
the last 2 plants, however, produced exclusively seedlings with 14 chromosomes. It is 
therefore clear that we are dealing with two categories of plants. 

The chromosome numbers of the seedlings of the first three plants indicate triploidy 
of these second generation plants. 

Triploidy may have arisen as follows. The original tetraploids were planted in small 
groups of about 7 plants in a wheat field. Since natural pollination here was very 
limited, pollination was performed artificially. There was, however, a field of diploid 
rye 300 to 400 meters away. It was therefore not impossible for pollen of diploid rye 
to fertilize the tetraploid plants. Triploid embryos almost always fail to develop, but 
in rare cases do so, it may be that three triploid plants arose among the 4400 plants 
of the second generation. 

Triploid plants, i.e. plants with 21 chromosomes, may produce egg cells with 
chromosome numbers varying from 7 to 14. Egg cells with 7 or 14 chromosomes are 
rare, those with 9 to 12 chromosomes are much more frequent. When triploid rye 
plants are fertilized by pollen of tetraploid rye, many more daughter plants with 28 or 
27 chromosomes will be formed than plants with 26 to 23 chromosomes, since euploid 
combinations are much more viable than combinations that are strongly aneuploid. 
This must be the reason why, as mentioned in Table 5, plants with about 28 chromo- 
somes occurred frequently, whilst plants with 26-23 chromosomes were relatively rare 
and plants with less chromosomes were absent, except two plants with 14 chromosomes 
that are euploids, probably originating from the fertilization of egg cells of the triploid 
plants with 7 chromosomes by pollen of diploid rye growing at some distance. 

The chromosome number 14 of the progeny of the plants IV and V in Table 5 must 
be explained in another way. The most plausible explanation seems to be that both 
plants were diploid with 14 chromosomes and originated from a tetraploid parent 
plant by parthenogenetic development of an egg cell. In that case the 13 and 9 respec- 
tively seeds of the plants IV and V could have been produced by diploid rye grown at 
some distance. If this supposition is correct, instability of tetraploid rye and the 
possibility of regression to the diploid state is indicated. Our experience over a six year 
period does not, however, confirm instability. In our experiments the percentage of 
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sterile plants decreased within seven years to one tenth of the original figure. It may 
be stated quite emphatically that, if parthenogenesis in tetraploid rye really occurs, 
resulting in a return to diploidy, it is very rare. Moreover, if diploids are formed by 
parthenogenesis in tetraploid plants, their chance of producing seed will be so low 
that we may ignore their occurrence. 


d. Observations on meiotic division in pollen mother-cells 


We have seen that aneuploid rye plants are always present among euploid plants. 
The aneuploids are inferior. It is important, therefore, to reduce their percentage as 
much as possible. Since aneuploids are the result of irregular meiotic division in the 
parent plants, it seemed worth-while to study this division in earlier and later gen- 
erations of tetraploid rye and to ascertain whether an increase in regularity of the 
meiotic division could be observed, correlated with the decrease in number of aneu- 
ploids referred to above. 

In seven years of breeding tetraploid rye we also noted a steady increase in fertility 
that may be connected with a growing regularity of nuclear division. 

As already mentioned, there are in tetraploid rye seven times four chromosomes 
that are homologous and may form quadrivalent chromosomes. Cases in which 7 
quadrivalent chromosomes are actually found in p.m. cells are, however, rare. Two 
bivalents are frequently formed instead of one quadrivalent and, more rarely, one 
trivalent and one univalent or one bivalent and two univalents. The number of 
quadrivalents in metaphase 1 may range, therefore, from O to 7; bivalents often may 
be frequent, trivalents may be found sometimes and univalents may be present in 
_ varying numbers. A good insight in the meiotic division would be obtained if it were 
_possible to analyse a large number of side views of metaphase I. It is necessary, there- 
fore, to squash and press the pollen mother-cells on the slides so strongly that all the 
_ chromosomes are spread sufficiently and lie separate from each other. Though our 
material of p.m. cells of tetraploid rye was mostly well fixed, it was too hardened to 
find such squashed cells in sufficient number. ef 

MÜNTZING studied metaphase I in side views in 4 Swedish tetraploid rye varieties. 
_Inatotal of 156 pollen mother-cells he found 0-7 quadrivalents, with an average of 
about 3.9; trivalents were present in an average of 0.16 per cell and univalents 0.27 per 
cell. Exact countings of all chromosome configurations, however, were impossible, 
especially in the more complicated cases. 

In our own material much variation was found in chromosome association. It was 
also evident that the frequency of multivalents in some plants was higher than in other 
plants, but on that point marked differences could be observed even between different 

flowers of the same plant. If, therefore, an exact analysis of metaphases had been 
_ possible, it would have been a very laborious study. ear 

Some drawings of rather simple instances of metaphase 1 in side view from the sixth 
generation of our tetraploid Petkus rye are given (Fig. 2). Since some chromosomes at 
_ lower level were covered by others not all chromosomes could be drawn. Itis probable, 
however, that all the missing chromosomes were bivalents. In both of the upper 
metaphases a quadrivalent in the shape of a large ring can be seen; there were probably 
12 bivalents and one quadrivalent. 
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Fi. 3. TETRAPLOID RYE. ANAPHASE I WITH 
A _LAGGING SPLIT CHROMOSOME. 
LEFT GROUP 13 CHROMOSOMES, 
RIGHT GROUP 14 CHROMOSOMES 


Fi. 2. TETRAPLOID RYE, 4 METAPHASE I PLATES IN SIDE 
VIEW X 1700 


Of the two lower metaphases, the one on the left shows two quadrivalents, both in 
zigzag shaped chains. The one on the right has a zigzag shaped quadrivalent chain on 
its left side a \ — shaped trivalent plus a univalent on its right side. Anaphase sepa- 
ration in ring or chain quadrivalents will usually occur so that two chromosomes pass 
to each pole. Only rarely will quadrivalents give an unequal distribution of chromo- 
somes. This cannot be said of trivalents and univalents. Usually two chromosomes 
of a trivalent reach one pole and one chromosome the other pole. With univalents 
three things may happen: 

L. A univalent may reach a pole and enter into the daughter nucleus in an undivided 
state. 

2. It may happen that a univalent does not reach a pole, but forms a micronucleus. 

3. Univalents may lag behind in the spindles where they are divided into their two 
chromatids. The chromatids reach the poles after the whole chromosomes from bi- 

or quadrivalents (Fig. 3). 


Anaphase 1 is much more suited to study chromosome distribution than metaphase 
Lì Chromosome counts in side and polar views could be made with great accuracy. 

Material of 6 ears of different euploid plants of the 1949 generation was compared 
with material of 11 ears of different euploid plants of the 1952 generation. All the 
material was derived from the first tetraploid plants of 1947, but the 1949 material 
was the result of a twofold selection, and-that of 1952 of a fivefold selection (Table 6). 

The 1949 material showed 27 cases of equal chromosome distribution, 14-14, to the 
two poles, and 28 aberrant cases out of a total of 55 cases. The 1952 material gave 
53 instances of chromosome distribution 14-14 and 17 aberrant cases out of a total 
of 70. Here special stress should be laid on the fact that — although quadrivalent 
chromosomes in metaphase I are frequent — a complete chromosome reduction was 
found in 75 % of the cases. In the 1949 material an equal distribution of chromosomes 
was found in only 50 % of the anaphases. 
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Ui 


A. Metaphase I and anaphase 1 in diploid rye. D. Lagging chromosomes in A. 1 and micro- 
350 nuclei in young pollen tetrads of tetraploid 
rye. x 300 


B. M. Land A. Lin tetraploid rye; in cell at eleven GRMAINA landal in tetraploid rye. Note split 
o'clock an O — shaped quadrivalent and in the univalent in A. Lat therightside. X 300 
cell right of the centre a V — shaped trivalent. 
x 350 


FIG. 4. PHOTOMICROGRAPHS OF MEIOTIC DIVISION OF P.M. CELLS IN DIPLOID AND TETRAPLOID RYE 
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TABLE 6. (CHROMOSOME DISTRIBUTION AT ANAPHASE I OF 
TETRAPLOID RYE 


Distribution 


14-14 
13-15 
12-16 

13-1-14 
13-2=13 
13°/1-132/» 

13!/14*/2 
13-142/» 

12/1422 


Total number of cells 


| 


1949 1952 
n n 
| 
27 | 53 
7 | u 
1 | E 
1 | ë 
1 | { 
s 2 
u 2 
zj En 
7. 1 
55 70 


In the material from the two years under consideration the total number of ana- 
phases in which chromosomes could be counted accurately was rather small. It was 
therefore important to study in addition large numbers of side views of anaphase I, 
since the frequency with which lagging chromosomes occur gives a good indication of 
the degree of regularity of the first meiotic division. It was possible to do so, not only 
in material of several plants of the 1949 and 1952 generation, but also in material of 
some original plants of 1947. A survey of the frequency of lagging univalents is given 


in Table 7. 


TABLE 7. FREQUENCY OF LAGGING UNIVALENTS AT ANAPHASE 1 IN P.M. CELLS OF TETRAPLOID RYE 


Generation 


Original 
plants 
194647 


Total 


Third 
generation 


194849 


Plants of 
sixth 
generation 
195152 


Total 
60 


Number of laggards 


‚ Percen- | 


Total t £ |, Lotal 
Be anben ONT cells number 
p of cells — without 1 5 d 
| n n n n n | laggards | ‘288ards 
| | 
1 133 AIO R2S | 4 | 3 53.4 104 
2 115 86 | 21 Zaan — 74.8 38 
3 130 961 23 e= — 73.8 45 
3 plants 378 (253 | 74 | 43 | 5 | 3 66.9 187 
2 plants LS Gitened:5, Sed — 79.1 34 
| 4 plants 133 95 | 30 8 — — 71.4 46 
6plants | 248 [186 | 45 | 16 | 1 — ga) 80 
1 103 84 | 14 5 | — — 81.5 24 
2 90 75 | 14 I= — 83.3 16 
3 56 55 1 == — 98.2 l 
4 SI 75 D 1 |= — 92.6 7 
5 43 43 — =| == — 100.— — 
6 84 71 | 10 3 | — 84.3 16 
7 78 72 6 — | — — 92.3 6 
8 55 43-| 10 2 — 78.2 14 
9 148 (124 | 17 dak — 83.8 35 
9 plants. 7384 TAD, — 87.0 1) 


Average 
number 


of 


laggards 
per cell 


0.78 
0.33 
0.35 


0.49 


0.30 
0.34 


O2 


0.23 
0.18 
0.02 
0.09 
0— 
0.19 
0.08 
0.25 
0.22 


0.16 


Strain A 
‚ Strain B 
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Since the first tetraploid plants (of 1947) had to be propagated by seed as quickly 
as possible, only 4ears were collected for cytological studies. In three of them anaphase I 
was present in p.m. cells. In one ear a very high frequency of dividing lagging chro- 
mosomes was found, though this ear appeared to be euploid. In the other two ears the 
frequency of laggards was more moderate. It is clearly seen-that the frequency of 
lagging chromosomes is much lower in all plants of the sixth generation. When it is 
remembered that all ears were taken from young plants that were themselves unselected 
and that the plants belonging to the sixth generation were the result of selection within 
the five foregoing years, one cannot escape the conclusion that a correlation exists 
between increased fertility and the degree of regularity of the meiotic division. 

As shown in Table 7, an average number of 0.16 per cell was found for the lagging 
chromosomes of 738 p.m. cells of 9 plants of the sixth generation. Among the 70 p.m. 
cells (Table 6), where the chromosomes in the anaphase could be counted exactly, 
there were 6 cells that had a total of 10 laggards. In a total of 70 p.m. cells this gives 
an average of 0.14 per cell, which tallies with the above mentioned number of 0.16 per 
cell. 

Metaphase II is also suited to chromosome counting. There are two chromosome 
plates in this stage of division of p.m. cells, where the chromosomes have to be counted. 
When the first meiotic division has been regular 14 chromosomes ought to be found in 
each of the two metaphase II plates. When the first division has been irregular other 
chromosome numbers must occur in metaphase Il. Table 8 gives an account of such 
chromosome distributions. 


TABLE 8. CHROMOSOME DISTRIBUTION IN THE METAPHASE OF 
THE SECOND MEIOTIC DIVISION 


Distribution | 1949 | 1952 
of chromosomes : ” | 7 
14-14 Sil 24 
13-15 | 16 6 
12-16 2 5 
132/,—14 3 EL 
13!/14!/s 9 1 
132/,—132/» 3 1 
122/,—15 1 = 
122/,-13%/a I Z 
122/1-13°)s 1 5 
12 [15/2 1 Ee 
11/16 1 5 
Total number of cases Ts) 32 


It appears from the table that a regular distribution of chromosomes was found in 


50 % of the cells of the 1949 material and in 75 % of the cells of the 1952 material. This 
result is in full accordance with that obtained for anaphase [. 


4 


When meiotic division in tetraploid rye is regular there are 14 chromosomes in 


metaphase II, that are split at the beginning of anaphase. In the case of irregular 
_meiotic division, half chromosomes, or chromatids, are frequently present in metaphase 
_1I plates, derived from the splitting of univalent chromosomes in anaphase 1. These 
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split chromosomes cannot split again in the second division and become scattered in 
the spindle. Sometimes such chromatids may be included in one of the tetrad nuclei, 
but the majority of them form micronuclei in the tetrads. MüNTZING considered the 
frequency of these micronuclei as a rather good measure of the degree of meiotic 
irregularity. We did the same, independently of him. Table 9 gives the frequency of 
micronuclei in the pollen tetrads of original plants, and of plants of the third and sixth 
generations. 


TABLE 9. FREQUENCY OF MICRONUCLEI IN POLLEN TETRADS OF TETRAPLOID RYE 


| Ï | 

Number of micrcnuclei per tetrad Percent. | Total | Average 

Number Total k | tetrads | number / number 

Generation of plants |of tetrads | | without | of m.n. | of m.n. 

0 1 2 3 4 | 5 6 7 | ma. | | p. tetrad 

| | | 
Original pl. 1 205 133 11 36 9 OS 1 | 649 184 0.90 
1946-47 4 337 294 7 27 Et Zoelse el ie ESA KEE 
Total 2 plants 542 427 18 63 10 16 5 2 l | 78.8 | 282 | 0.52 
| | | 

Third generation 4 plants 753 638 30 61 Elek «Sien ES 847) 2420 032 
1948-49 2 plants 856 637 88 | 102 | 22 | 6 en) weet! zh JAT SI OEE 
6 plants 1609 [1275 | 118 | 163 33 15 4 2 — 79.2 635 0.39 
Sixth generation 1 121 98 7 16 | ES | 39 0.32 
195152 3 143 124 7 9 2 1 — — — 86.7 | 35 0.24 
4 117 88 4 22 2 l = E — 152 58 0.50 
5 143 120 3 1 5 4 — — — 83.9 | 56 0.39 
6 143 121 4 14 ä l RS INS 84.6 45 0.31 
7 158 145 2 7 7, 1 Wee mel OTS RUS 0.20 
8 129 110 3 12 l 3 — =| — 85.3 | 42 0.33 
9 138 131 3 3 — 1 — — — 94.9 13 en 0:09 
10 102 84 4 12 2 — — — — 82.3 34 0.30 
11 133 98 9 16 6 4 — — — 74.5 74 0.56 
12 136 117 ij 9 2 — 1 — — 86.0 36 0.26 
ne ei 105 2 Ĳ 1 — — 1 — 90.5 25 0.22 
14 116 105 2 8 1 — — = — 90.5 21 0.18 
Total 13 plants 1695 |1446 | 57 146 | 27 | 16: dir 2 1 nd 85.3 509 0.30 


The numbers of the plants in Table 9 partly correspond with the numbers of the 
plants in Table 7. Thus plant 1 of the original plants in Table 9 is the same as plant 1 
of the original plants in Table 7. In comparing the number of laggards in Table 7 
with the number of micronuclei in Table 9 one must bear in mind that one lagging 
chromosome in anaphase 1 may produce by splitting two micronuclei in the tetrads. 

It may be seen from Table 9 that a decrease was also found in the frequency of 
micronuclei from the original plants to the plants of the sixth generation. When 
studying Tables 7 and 9 we notice some points requiring attention. By comparing 
number l of the original plants in both tables, we see that this plant has a very irregular 
division, but the figures are somewhat better for the tetrads then for anaphase I. In 
plants 3, 4, and 5 of the sixth generation, however, almost no chromosomes were 
found in anaphase Il, a moderate to rather high frequency of micronuclei being present 
here in the tetrads. This shows clearly that different flowers of the same plant may 
deviate in the degree of regularity of meiotic division. 

Looking at the original plants, we see that plant 1 (Table 9) gives the worst figures 
of all plants examined. Plant 4, however, shows figures that are comparable with those 
of the plants of the sixth generation. This is not surprising. It is conceivable that some 
plants with good gene combinations and good fertility occurred among the original 
tetraploid plants. 
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The plant in question also yielded one of the best of 28 strains derived from the 
original 1947 tetraploid plants which still exist. Plant 1 had a very bad seed setting 
and was not included in further breeding. Ì 

Research on a large scale on meiotic division, in different generations of tetraploid 
rye, takes so much time that it will be practically impossible to obtain conclusions 
that are absolutely certain. The results mentioned in Table 9, as well as those given in 
Tables 6 to 8, however, strongly convey the impression that'an increase in meiotic 
regularity has been obtained by continued selection. 

It can be seen that the frequency of aneuploids showed a marked decrease in later 
generations. Within “good seeds”, sown for selection purposes, the percentage of 
euploidy increased from about 75 % in 1947 to 92.5 % in 1952. This improvement in 
euploidy indicates an actual increase in the regularity of meiotic division. 


Our selection of tetraploid rye started in 1947 with the 49 original seed bearing 
plants. From the beginning, seed setting was considered as one of the most important 
characters. In seven generations it increased from about 60 % or less in 1947 to about 
75 % or morein 1953. Detailed data on seed setting and fertility will be given in the 
second part of this paper. Here it is enough to point out that, by selecting the most 
fertile plants every year, those plants were probably chosen that had the most regular 
division. 

Our conclusion is that by selection of the most fertile tetraploid rye plants over a 
seven year period an improvement must also have been obtained in the regularity of 
the meiotic division. 

There are three reasons why this conclusion has been reached: 

1. Studies on meiotic division gave much better figures for the later generations of 
tetraploid rye than for earlier generations. 

2. A considerable decrease in frequency of aneuploid plants was found in later 
generations. 

3. A marked improvement in seed setting in the later generations was ascertained. 

This must be related to an increased meiotic regularity. 


SAMENVATTING 


Veredeling van tetraploide rogge in Nederland 


Uit het cytologische onderzoek van tetraploide rogge, in 194647 voor het eerst 
verkregen, kunnen de volgende conclusies getrokken worden. 

1. De reductiedeling in pollen-moedercellen, waaruit het stuifmeel ontstaat, is ge- 
durende de periode van 7 jaren, waarin veredeld werd, duidelijk in regelmaat vooruit 
gegaan. 

2. Een aanzienlijke vermindering werd gevonden in de frequentie van aneuploide 
planten gedurende deze periode. Deze planten, die in chromosomenaantal iets afwijken 
van het chromosomenaantal 28 van tetraploide rogge, zijn inferieur. 

3. Een van de voornaamste kenmerken, waarop geselecteerd werd, was goede zaad- 
zetting, waarbij een duidelijke verbetering te bespeuren viel. De verbeterde zaadzetting 
moet gezien worden in verband met de vooruitgang in de regelmaat van de reductie- 
deling. 
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HET GEBRUIK VAN NOMOGRAMMEN 
TER VEREENVOUDIGING VAN BEREKENINGEN 


The use of nomograms for simplifying calculations 


J. W. SIEBEN 
Stichting voor Plantenveredeling, Wageningen 
Ontvangen 7 Jan. 1954 


1. INLEIDING 


Bij de beoordeling van proefveldresultaten is het dikwijls nodig bepaalde berekenin- 
gen uit te voeren om de gegevens van de verschillende veldjes vergelijkbaar te maken. 
Behalve in het eiwitgehalte van een groenvoedergewas zal de onderzoeker bij voorbeeld 
ook geïnteresseerd zijn in de eiwitopbrengst van de verschillende objecten. Deze eiwit- 
opbrengsten moeten voor ieder veldje apart worden berekend uit opbrengst aan groene 
massa, drogestofgehalte en eiwitgehalte in de drogestof. Een soortgelijk geval treedt op 
bij maisproefvelden, waar de opbrengsten van de vakjes alleen vergeleken kunnen 
worden, als ze eerst zijn omgerekend op een bepaald vochtgehalte. 

Dergelijke berekeningen kosten over het algemeen vrij veel tijd, ook als men de be- 
schikking heeft over een rekenmachine. Vaak is het echter mogelijk veel sneller en vol- 
doende nauwkeurig te werken met een grafische methode ‚nl. met behulp van een no- 
mogram. Deze werkwijze zal in het onderstaande worden toegelicht aan de hand van 
het laatst genoemde voorbeeld. 


2. DE OMREKENING VAN MAISOPBRENGSTEN OP EEN BEPAALD VOCHTGEHALTE 


Bij het oogsten van de maisproefvelden van de Stichting voor Plantenveredeling 
wordt als volgt te werk gegaan. De geplukte kolven worden gewogen (A kg), er wordt 
een „„uitleveringsmonster” van 5 kg getrokken, dit wordt gedroogd en gedorst en de 
hoeveelheid uitgedorst ‚„droog’” zaad wordt gewogen (B kg). Van dit droge” zaad 
wordt nu het drogestofgehalte bepaald (C %). Daarna wordt het aantal kilogrammen 
zaad van 15,5 % vocht (D) berekend met de formule. 


ABG 
5 Xx 84,5 
Men moet dus het product van drie getallen berekenen en dit product delen door een 
constante. Deze berekening kost, ook bij gebruik van een rekenmachine, veel tijd. 
Daarom is hiervoor een nomogram geconstrueerd, dat de benodigde tijd tot ongeveer 
de helft bekort. Bij de constructie is rekening gehouden met het feit, dat A, B en C niet 


onbeperkt variëren. Bij de proefvelden van de S.V.P. zijn de trajecten voor A, B en C 
resp. 10-25 kg, 1-3,25 kg, en 80-95 %. 


3. CONSTRUCTIE VAN HET NOMOGRAM 


Men begint met het omzetten van het product in een som d.m.v. logarithmen: 
log D = log A + log B + log C —log 422,5. 
Men maakt nu twee evenwijdige schaalverdelingen en zet op de ene daarvan log A 
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16 
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18 
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Oe 
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Zo 


20 


Ze 


3,0 
3,25 


A XB 
FIG. 1. NOMOGRAM VOOR DE BEREKENING VAN AUT AENB 


af, op de andere log B (Fig. 1). Tussen deze twee lijnen wordt een derde evenwijdige lijn 
getrokken, waarop een logarithmische schaalverdeling is aangegeven voor Â : B _ P. 
Deze lijn is zo geplaatst, dat, als men van een punt op A (b.v. 10 kg) een lijn trekt naar 
een punt op B (b.v. 1,5 kg) deze lijn de schaal P — a je Ë precies snijdt in het punt, dat 
de waarde van P aangeeft (in dit geval dus 3). Het is te bewijzen, dat dit altijd mogelijk 
is. De lijn voor P wordt als volgt geconstrueerd. 

Men trekt een lijn van 10 kg op A naar 1,5 kg op Ben een lijn van 15 kg op A naar 
l kg op B. In beide gevallen is P — 3. Beide lijnen moeten dus de schaal voor P snijden 
in het punt, waar Ar B _ 3, De schaal voor P moet dus door het snijpunt E van de 
beide lijnen gaan. Evenzo trekt men lijnen van 20 kg op A naar 3,0 kg op B en van 24 
kg op A naar 2,5 kg op B. In deze gevallen is 5 = B _ 12. Beide lijnen moeten dus nu 
de schaal voor P snijden in het punt, dat de waarde 12 aangeeft. De schaal voor P moet 


dus ook door het snijpunt F van deze lijnen gaan. De gevraagde lijn voor = 5 B is dus 
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te trekken door E en F. Het maken van de schaalverdeling is eenvoudig: het beginpunt 
komt overeen me AXE — 2, het eindpunt me AE — 16,25. Hiertussen moet de 
schaal logarithmisch verdeeld worden. 


Met behulp van Fig. l kan men dus bij ieder gewicht aan kolven tussen 10 en 25 kg 


en bij ieder gewicht aan droog zaad tussen 1 en 3,25 kg het bijbehorende getal En 5 B 
aflezen. 

Op dezelfde manier kan men nu een nomogram maken om D — A ze te kun- 
nen aflezen, als Â® en C bekend zijn. 


AxB 


A D ad B 


HET GEBRUIK VAN NOMOGRAMMEN 


ee ANR S 5 
Doordat de lijn voor in beide nomogrammen voorkomt, kunnen ze gecombi- 


neerd worden tot één nomogram met 5 evenwijdige schaalverdelingen. 

Om nu aflezing tot op 0,1 kg nauwkeurig mogelijk te maken verdient het aanbeveling 
de schaalverdelingen i.p.v. 10 cm, zoals in Fig. 1, 40 cm lang te maken. Het zo gecon- 
strueerde nomogram is in Fig. 2 op !/; van zijn ware grootte gegeven. Hierbij is alleen 
nog op te merken, dat de schaal voor C is omgekeerd en slechts half zo lang is als de 
andere schaalverdelingen. Hierdoor is bereikt, dat de schaal voor D links van 5 5 Ee 


B en dat de schaal voor D, als het 


5 
hele traject zou zijn aangegeven, langer wordt dan die voor A,„B en At, De nauw- 


komt te liggen op een behoorlijke afstand van À 


keurigheid van de aflezing wordt hierdoor vergroot. 


4. GEBRUIK VAN HET NOMOGRAM 


Dit is zeer eenvoudig. Men legt een doorzichtige liniaal zo, dat hij langs het aantal 
kilogrammen ‚‚droog” zaad op schaal B gaat. Men vindt dan op schaal P = At het 
bijbehorende product en laat de liniaal om dat punt draaien, tot hij langs het droge- 
stofgehalte op schaal C gaat. Op schaal D kan men dan het aantal kilogrammen zaad 


van 15,5 % vocht aflezen. 


5. SAMENVATTING 


Het gebruik van nomogrammen biedt de mogelijkheid om berekeningen aanzienlijk 
te vereenvoudigen. De constructie en het gebruik van een nomogram voor het om- 
rekenen van maisopbrengsten op 15,5 % vocht wordt beschreven. Met behulp hiervan 
kan men de voor deze berekeningen benodigde tijd tot bijna de helft terugbrengen. 


6. SUMMARY 


The use of nomograms for simplifying calculations 

It is pointed out, that computations can often be simplified considerably by using 
nomograms. Construction and use of such a nomogram for computing maize yields on 
a basis of 15.5 ®% moisture is described in this paper. Figure 1 illustrates the construc- 
tion of a part of the nomogram. Fig. 2 gives the entire nomogram reduced 3 times. 

Use is as follows: A transparent ruler is laid in such a way that it runs along the 
number of kilograms of ears on scale A and along the number of kgs of dry seed on 
scale B. On scale P the corresponding value of An B is found. The ruler is made to 
revolve about this point till it runs along the dry matter content on scale C. The num- 


ber of kgs of seed at 15.5 % moisture can than be read from scale D. 
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INDRUKKEN TIJDENS EEN REIS DOOR DE VERENIGDE 
STATEN TER BESTUDERING VAN DE MAISVEREDELING 
EN VERWANTE ONDERWERPEN 


Impressions from a trip through the United States of 
North America to study maize breeding 


F. P. FERWERDA 
Instituut voor Veredeling van Landbouwgewassen, Wageningen 
Ontvangen 6 November 1953 


De afgelopen zomer had ik het voorrecht om onder auspiciën van M.S.A. een stu- 
diereis van drie maanden naar de Verenigde Staten te maken. Na een kort verblijf te 
Washington werden bezoeken gebracht aan verschillende belangrijke Staats Instituten 
of particuliere kweekbedrijven, welke zich bezighouden met maisveredeling of daar- 
mede samenhangend fundamenteel onderzoek. Achtereenvolgens vertoefde ik, ge- 
durende een kortere of langere periode, aan de volgende Instituten: 


. U.S.D.A. Plant Industry Station te Beltsville (Md.) 

. New York State College of Agriculture te Ithaca (N.Y.) 

. Ohio Agricultural Experiment Station te Wooster (Ohio) 

. University of Illinois te Urbana (IIL.) 

. lowa State College te Ames (Lowa) 

„ University of Wisconsin te Madison (Wisc.) 

.„ Spooner Branch Agriculture Experiment Station te Spooner (Wisc.) 

„ Connecticut Agricultural Experiment Station te New Haven (Conn.) 

. Particuliere zaadfirma’s en kweekbedrijven o.a. Pioneer Hi-Bred Corn Com- 
pany te Johnstown (lowa) 


— 


\O 0 ANU BN 


Uit de aard der zaak dient dit overzicht zich tot enkele hoofdzaken te beperken. 

Een feit dat een bezoeker uit Noordwest Europa direct opvalt is, dat de klimatologi- 
sche omstandigheden daarginds voor de maiscultuur veel gunstiger zijn dan te onzent, 
zelfs in die streken, welke worden beschouwd als te liggen in het grensgebied waar ver- 
bouw van mais nog mogelijk is. 

Het veredelingsonderzoek is sterk gespecialiseerd en de laatste jaren vooral gericht 
op de volgende onderwerpen: 

L. Methoden om in betrekkelijk korte tijd homozygoot materiaal te verkrijgen. 

2. Resistentie tegen plantaardige en dierlijke parasieten: Gibberella en Diplodia (de 
veroorzakers van wortel- en stengelrot) Helminthosporium bladziekte, en de 
stengelboorder Pyrausta nubilalis. 

3. De achtergrond van de zgn. koude-tolerantie bij mais. 

4. Gebruikmaking van mannelijk steriele vormen bij het voortbrengen van hybride 

zaad. 
. Nieuwe veredelingsmethoden. 
6. Invoer en instandhouding van nieuw genenmateriaal. 
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Ll. METHODEN OM IN KORTE TĲD HOMOZYGOOT MATERIAAL TE VERKRIJGEN 


Dr CHASE (Ames, Iowa) is de eerste geweest die profijt wist te trekken van het door 
RANDOLPH geconstateerde feit, dat in vrijwel alle maiszaaisels een gering percentage 
monoploiden voorkomt. Door bij deze monoploiden verdubbeling van het chromo- 
somen aantal teweeg te brengen, verkreeg hij homozygote diplóiden. 

Hier werd in twee of drie jaren tijds homozygoot materiaal vérkregen, een toestand 
welke anders eerst na een inteeltproces van een jaar of zes zou zijn benaderd. CHASE 
vond, dat de frequentie van voorkomen van monoploiden nogal uiteen liep; in sommi- 
ge families was l op de 300 planten monoploid, in andere 1 op 1500; het gemiddelde 
ligt omstreeks | op 900. Door een ingenieuze kunstgreep, nl. door het materiaal, waar- 
uit men monoploiden wil afzonderen te kruisen met een tester, welke de purper factor 
in zich draagt, zijn de in de F, optredende vermoedelijke monoploiden reeds in het 
kiemplant stadium te herkennen aan het ontbreken van kleur in coleoptiel en kiem- 
wortel. Zij zijn immers voortgekomen uit een embryozak waarvan de endospermkern 
wèl, doch de eicel niet bevrucht was. Het chromosomenaantal van deze vermoedelijke 
monoploiden wordt aan smeerpreparaten van kiemwortels gecontroleerd. 

De door deze monoploiden voortgebrachte gameten missen in de regel het vermogen 
om bevruchting uit te oefenen of om te worden bevrucht. CHASE vond echter, dat op de 
100 monoploiden er 10-25 waren die in hun bloeiwijzen diploide sectoren vertoonden, 
waarin zich normale eicellen of stuifmeelkorrels ontwikkelden. Wanneer men een groep 
monoploide planten tot zelfbestuiving dwingt, zullen daarvan alleen de zojuist ge- 
noemde individuen een weinig zaad voortbrengen. Hieruit groeien homozygote di- 
ploide planten op. Men stelt zich niet tevreden met deze spontaan optredende ver- 
dubbeling van het chromosomenaantal, doch tracht daarnaast deze kunstmatig op te 
wekken door middel van colchicinebehandeling aan jonge kiemplanten. 

De met behulp van deze revolutionnaire methode verkregen stammen vertonen een 
graad van uniformiteit, welke men slechts bij zeer langdurig ingeteelde lijnen aantreft. 
De eerste hybriden waarin een of meer homozygote diploide stammen voorkomen zijn 
dit jaar in beproeving. Men is het er nog niet over eens, of deze nieuwe methode werke- 
lijk zulk een aanwinst is als aanvankelijk werd gedacht. Zeker, het maakt een groot 
verschil, of men na 2 of 3 jaren beschikt over homozygoot materiaal instede van na 5 
of 6 jaren, zoals het geval is bij de traditionele inteeltmethode, maar het is hier toch 
niet allemaal goud wat er blinkt. Wanneer men dergelijke homozygote stammen in 
handen heeft, weet men nog in het geheel niets omtrent hun geschiktheid om met an- 
dere in een kruising te worden gecombineerd. Een onderzoek nodig om deze belang- 

rijke eigenschap te leren kennen vraagt op zijn minst 2 of 3 jaar. Neemt men dit in aan- 
merking en maakt men de balans op in vergelijking tot een normaal inteeltprogramma 
met toepassing van „early testing”, dan wordt de tijdwinst teruggebracht tot ongeveer 
twee jaar. 

De toekomst zal moeten leren, of deze ontegenzeggelijk ingenieuze en elegante me- 
thode zodanige voordelen biedt dat zij de thans nog overwegend toegepaste inteelt- 
_ methode zal verdringen. 
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2. RESISTENTIE TEGEN ZIEKTEN EN PLAGEN 


Vooral in de noordelijkste zones van het maisteeltgebied neemt het kweken op re- 
sistentie tegen wortel-en stengelroteen voorname plaats in het veredelingsprogramma in. 

Bij het zoeken naar een gewas met een korte vegetatie duur heeft men in het verleden 
niet altijd een scherpe scheiding gemaakt tussen echte vroegrijpheid en schijnbare, door 
stengel en wortelrot veroorzaakte vroegtijdige afrijping van het zaad. Daardoor miste 
veel van het vroege materiaal de nodige stengelstevigheid. De voornaamste veroor- 
zakers vamrstengelrot zijn Gibberella en Diplodia. 

Het schijnt, dat in de eigenlijke Cornbelt Gibberella de voornaamste boosdoener is, 
terwijl in de meer Noordelijk gelegen Staten, zoals Wisconsin het meeste stengelrot 
wordt veroorzaakt door Diplodia. 

Bij het selecteren op resistentie wordt inoculatie toegepast. Diplodia, die in vitro 
gemakkelijk tot fructificatie overgaat, wordt als sporensuspensie in de te onderzoeken 
planten ingespoten. 

De lastig te kweken Gibberella wordt op een andere manier gehanteerd. Gerste- 
korrels bedekt met mycelium worden gestoken in een gaatje in de stengel van de te 
besmette plant. Dergelijke besmettingen geven een rigoureuze opruiming onder het 
materiaal, doch de planten welke overblijven zijn in hoge mate resistent. De verhoogde 
resistentie tegen stengelrot had vooral in het Noorden als keerzijde, dat het materiaal 
te langzaam afrijpte. Men is daarom een weinig teruggekomen van het standpunt, 
dat het materiaal een hoge mate van resistentie dient te bezitten en geeft thans de 
voorkeur aan een matige vatbaarheid, juist voldoende om een tijdige afrijping te 
verzekeren. 

De Helminthosporium bladziekte die tot nog toe alleen in de eigenlijke Corn-belt 
en in verder Zuidelijk gelegen staten slachtoffers maakte, heeft zich onlangs ook in 
Zuid Wisconsin geopenbaard. 

Gelukkig staat men hier niet machteloos tegenover, want onder het aanwezige 
materiaal bleek op erfelijke grondslag berustende resistentie voor te komen. Een 
uitgebreid kweekprogramma gericht op het verkrijgen van resistente lijnen wordt aan 
het Proefstation te Beltsville (Md) door JENKINS in samenwerking met de phytopa- 
thologe Miss ROBERT uitgevoerd. Dit heeft reeds verschillende opmerkelijke resultaten 
opgeleverd. 


De maisboorder, Pyrausta nubilalis veroorzaakt vrijwel overal in de V.S, aan- 
zienlijke schade en het is dan ook geen wonder, dat men heeft gezocht naar resistente 
vormen, die gelukkig in voldoende mate bleken voor te komen. Een zeer uitvoerig 
programma voor het kweken op resistentie tegen Pyrausta wordt o.a. in Ames (lowa) 
door PENNY en Dicke in samenwerking met SPRAGUE doorgevoerd. Men past hierbij 
kunstmatige infectie toe door papieren schijfjes met eierhoopjes op de te onderzoeken 
planten vast te prikken. Dit geschiedt omstreeks medio Juni, zodat men vóór de bloei 
de vermoedelijk resistente planten kan onderkennen en ze nog in hetzelfde seizoen 
tot zelf bestuiving kan dwingen en tevens uitkruisen op een zeer vatbare tester. Het 
kweken van de motjes voor eierproductie is een bedrijf op zichzelf, dat ik tijdens mijn 
bezoek aan de uitgestrekte proefvelden te Ankeny (ten Noorden van Des Moines, 
lowa) in volle gang zag. Hoewel nog lang niet voltooid, biedt deze resistentie vele 
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perspectieven ook voor die landen, welke tot nog toe voor deze plaag gevrijwaard 
zijn gebleven, doch die rekening moeten houden met de mogelijkheid dat deze zich 
ook tot hen zal uitbreiden. Mocht dit het geval zijn, dan staat men er in ieder geval 
niet machteloos tegenover. 


3. KOUDE TOLERANTIE 


Doordat men ook in de meer noordelijk gelegen maisteeltgebieden van de V.S. in 
de regel geen koude voorzomer heeft, ligt het koude tolerantie-vraagstuk daar een- 
voudiger dan in N.W.-Europa, doordat men er vrijwel uitsluitend te maken heeft met 
ontwikkelingsstagnatie of afsterving tijdens de kieming of gedurende de eerste jeugd- 
stadia. De naam koude tolerantie is eigenlijk niet juist: koude is niet de primaire oor- 
zaak van stagnerende kieming, zaadverrotting en trage jeugdgroei. De situatie is veel- 
eer zo, dat een koude vochtige bodem vertragend werkt op de levensprocessen van het 
kiemende zaad, waardoor dit gemakkelijk een prooi wordt van diverse parasitaire 
bodemschimmels (speciaal Pythium-soorten), welke onder deze omstandigheden nog 
wel redelijke ontwikkelingsvoorwaarden vinden. 

Proefnemingen hebben geleerd, dat er sterke individuele, erfelijk gefundeerde ver- 
schillen in tolerantie ten opzichte van deze ziekte verwekkende bodemschimmels be- 
staan. Dit opent de mogelijkheid om doelbewust te selecteren op deze vooral voor 
de meer noordelijk gelegen gebieden zo uitermate belangrijke eigenschap. Onder het 
Wisconsin inteeltmateriaal bevinden zich enkele stammen met een opvallend goede 
koude tolerantie. 

De laatste jaren is men, vooral door de onderzoekingen van A. L. HOOKER (thans 
Ames, Iowa, daarvóór Madison, Wisconsin) dieper in het wezen van de ‚„koude” 
tolerantie doorgedrongen. Door uitgeprepareerde mais embryonen te onderwerpen 
aan temperaturen van 7-10 °C in een met Pythium besmette omgeving, kon HOOKER 
aantonen dat de natuurlijke resistentie tegen deze parasieten voornamelijk in het 
embryo zetelt en niet — zoals wel eens is verondersteld — in het endosperm. De ver- 
schillende Pythium stammen lopen in virulentie nogal uiteen (HOOKER onderzocht er 
een achttal) doch tot nog toe bleek wanneer een mais-inteeltstam resistent is tegen één 
Pythium stam dit ook geldt ten opzichte van de overige zeven. 


4. MANNELIJKE STERILITEIT ALS HULPMIDDEL BĲ HET VOORTBRENGEN VAN HYBRIDE 
ZAAD 


Bij tal van gewassen — (uien, suikerbieten, wortelen, mais, om er maar een paar te 
noemen) — wordt gebruik gemaakt van mannelijk steriele vormen ten einde bepaalde 
kruisingscombinaties in het groot tot stand te brengen. Bij eerstgenoemde drie ge- 
wassen is dit de enige manier om het gestelde doel te bereiken. Bij mais met haar af- 
zonderlijke mannelijke en vrouwelijke bloeiwijzen is de situatie anders. Hier kan men, 
door middel van ontpluimen, elke gewenste kruisingscombinatie feilloos in het groot 
_ tot stand brengen. Dit ontpluimen vereist echter veel werkkrachten en vaak juist in 
een tijd, dat ook in andere sectoren de vraag naar personeel groot is. Dit is de voor- 
naamste reden, waarom men bij mais gebruik is gaan maken van mannelijk steriele 
vormen. De gemakkelijkst te hanteren en meest bedrijfszekere vorm van mannelijke 
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steriliteit zetelt in het zgn. Texas type. Doordat dit steriliteitstype op cytoplasmatische 
grondslag berust, zijn de met behulp hiervan voortgebrachte hybriden, evenals hun 
moeder, mannelijk steriel en met dergelijk materiaal zou de boer weinig gebaat zijn. 
Om dergelijke hybriden het voor vruchtzetting noodzakelijke stuifmeel te verschaffen, 
mengt men het met behulp van mannelijke steriliteit voortgebracht hybridenzaad met 
zaad van dezelfde hybride dat op de ouderwetse wijze (d.w.z. door middel van ont- 
pluimen) is verkregen. Deze methode is tamelijk omslachtig en voor welke verrassin- 
gen men met dergelijke zaadmengsels kan komen te staan wordt gedemonstreerd door 
de volgende ervaring opgedaan door een der grote Amerikaanse zaadfirma’s. Deze 
onderwierp zulk een zaadmengsel aan de gebruikelijke sortering op korrelvorm en 
-grootte. Toen men naderhand de verschillende fracties uitzaaide, bleek dat daarin de 
verhouding tussen mannelijk fertiele en mannelijk steriele planten sterk uiteenliep. 
In sommige fracties heerste een dusdanig tekort aan stuifmeelproducerende individuen, 
dat er van een behoorlijke vruchtzetting geen sprake was. Andere sortimenten daaren- 
tegen vertoonden een overmaat aan mannelijk fertiele typen! Een nauwkeurig onder- 
zoek wees uit dat deze ontmenging werd veroorzaakt door verschillen in grootte en 
vorm der korrels van de op tweeërlei wijze tot stand gebrachte hybride. 

De hierboven genoemde bezwaren kunnen wellicht uit de weg worden geruimd 
door gebruik te maken van een eigenschap, welke in sommige inteeltstammen zetelt, 
namelijk het vermogen om de fertiliteit te herstellen. Wanneer men een dergelijke 
inteeltstam kruist met een mannelijk steriele single-cross, dan is de hieruit ontstaande 
driestam hybride volkomen fertiel. Doch ook hier liggen nog tal van voetangels en 
klemmen: vele van deze fertiliteitsherstellers zijn in hoge mate specifiek en ontplooien 
slechts in bepaalde combinaties hun activiteit, terwijl zij in andere gevallen volkomen 
werkeloos zijn. 

Er zal nog heel wat onderzoek moeten worden verricht om deze veelbelovende 
methoden te ontdoen van de bezwaren, welke er nu nog aan kleven. 


5. NIEUWE VEREDELINGSMETHODEN 


In Ames (Iowa) en Lincoln (Nebraska) wordt door SPRAGUE resp. LONNQUIST veel 
aandacht geschonken aan veredelingsmethoden berustend op het principe van recur- 
rent selection. De eerste selectiecyclus wordt dit jaar voltooid en men ziet de resultaten 
met spanning tegemoet. 

Het zou buiten het bestek van dit artikel gaan deze vrij ingewikkelde methode in 
details te beschrijven. Volstaan moge worden met de mededeling dat hierdoor popu- 
laties worden geschapen welke als zodanig kunnen worden gebruikt dan wel kunnen 
dienen als uitgangsmateriaal voor nieuwe op een hoger niveau staande inteeltstammen. 


6. VORMENCOLLECTIES VOOR HET IN STAND HOUDEN VAN BELANGRIJK KWEEK- 
MATERIAAL EN HET IMPORTEREN VAN NIEUWE VORMEN 


Het U.S. Department of Agriculture heeft over de gehele wereld agenten die mate- 
riaal verzamelen van cultuurgewassen of van plantensoorten, welke misschien in de 
toekomst cultuurgewassen zullen worden. Dit materiaal wordt door de centrale te 
Beltsville gedistribueerd over 3 plant introduction centres, waarvan ik dat te Ames 
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(lowa), staande onder leiding van Prof. Hoover, bezocht. Het hier samengebrachte 
materiaal omvatte talrijke gewassen; uiteraard schonk ik de meeste aandacht aan mais. 

Aan ruimtelijke isolatie kon, wegens het grote aantal importen, niet worden ge- 
dacht. Om de genenschat zo goed mogelijk te bewaren wordt „sibbing’”’ toegepast. 
De werkwijze komt er in dit geval op neer, dat men in een populatie een aantal plan- 
ten, welke kunnen worden beschouwd als een „representatief monster”, inhult en 
hun stempels bestuift met een stuifmeelmengsel af komstig var een zo groot mogelijk 
aantal individuen uit dezelfde populatie. Een op 40 °F gehouden zaad opslagplaats 
biedt de mogelijkheid om de zaden verscheidene jaren op te slaan zonder noemens- 
waardige achteruitgang in kiemkracht. Materiaal uit deze collectie wordt zonder enige 
terughouding verstrekt. In het afgelopen jaar konden wij hiervan reeds profiteren; 
in de toekomst zal dit stellig ook mogelijk zijn. 


SUMMARY 


Impressions from a trip through the United States of North America 
to study maize breeding 


Under the auspices of the Mutual Security Agency the author made an extended 
trip to survey the main maize growing regions in the northern and eastern parts of 
the United States during the summer of 1953. 

A few recent developments in maize breeding work are described briefly. Among 
the topics discussed are: the utilization of monoploids to reach homzygosity rapidly; 
breeding for resistance to various diseases and pests (Gibberella and Diplodia, Helmin- 
thosporium, Pyrausta nubilalis); the phytopathological background of cold tolerance 
and the breeding of cold-resistant types; the use of male sterility in hybrid seed pro- 
duction. New methods such as recurrent selection are referred to, and the procedure 
for collecting and maintaining germplasm is discussed. 
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REVIEWS OF BOOKS 


BANGA, O., 6e Beschrijvende Rassenlijst voor Groentegewassen (Sixth Descrip- 
tive List of Vegetable Varieties). Wageningen. 1954, 177 pp, f 1,75. 

The sixth Descriptive List of Vegetable Varieties, which appeared in December 1953, 
has been compiled by the Institute of Horticultural Plant Breeding at Wageningen. The 
vegetable crops (including early potatoes, strawberries, tobacco, medicinal and aroma- 
tic plants) are arranged in alphabetical order. An index with the names of the crops and 
the varieties facilitates finding the information wanted. 

This list is a reliable guide for the vegetable grower. It is part of the indispensable 
inventory of the vegetable grower and of everybody who desires to keep himself up to 
date as regards the varieties of horticultural plants grown in the Netherlands. 


The classification of seed potatoes in the Netherlands. “Stichting voor Poot- 
aardappelpropaganda in het Buitenland”. The Hague. 1953, 14 pp., 17 figs. 


With effect from the harvest 1953 the system of classifying seed potatoes in the 
Netherlands has undergone an alteration. Class AB has been abolished and a new 
class, E, introduced. The pamphlet gives a scheme of the building up of clonal selec- 
tion material on the selection establishments of the Inspection Service, N.A.K. Photo- 
graphs showing various phases of the work and many other illustrations are added to 
the text. 


Derde CoCoBro-Jaarboekje (Third CoCoBro Yearbook). Wageningen. 1953, 
120 pp. 


The third yearbook of this recently created association shows that the work is pro- 
gressing satisfactorily. Among other articles the booklet contains the following papers: 
BROEKHUIZEN, S., Third annual report of the Foundation Cocobro. Distribution of 

the wheat and rye varieties grown in the Netherlands in 1952. 
DoBBEN, W. H. vaN, The yield of winter wheat in 1952 and the weather conditions. 
HOORNSMAN, G. M., Variation in yield of wheat in the province of Groningen. 
BROEKHUIZEN, S., The quality of the 1952 crop of home-grown wheat and rye. 
JoNGH, G. and MIRANDA, H. DE, Studies on the baking value of wheat varieties grown 
in the Netherlands. 
Research on bread cereals in the Netherlands in 1953. 
Short explanation about the Foundation Cocobro. 

Last mentioned article is written in English, the other chapters have English sum- 

maries. 


HOGEN Escn, J. A. en ZINGSTRA, H., Geniteurslijst voor aardappelrassen (List 
of potato parent stocks). Wageningen. 1954. 128 pp, f 1,75. 

This booklet contains descriptions of 330 potato varieties from many parts of the 
world. The classification is alphabetical. As the name “List of parent stocks” indicates 
the booklet is intended as a guide to the breeders in their choice of potato varieties to 
be used in crossing work. The good and the bad characters of the material at hand are 
mentioned. The reader can also learn which varieties are maintained at the Central 
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Potato Trial Establishment at Oostwold. Dutch breeders can receive propagation 
material of these varieties. 

The booklet also treats the technique of crossing and the way seedling testing is 
organized. 

A list of Dutch potato breeders (as on 1 Dec. 1953), including those who do not yet 
have a variety put on the Descriptive List of Varieties, is appended. 


OrtnHor, B. H. en Murper F., Handleiding voor zaadteelt op landbouwbedrij- 


ven (Manual for seed growing on the farm). Staatsdrukkerij ’s-Gravenhage. 1953, 
211 pp, f 6.50. 


On many Dutch farms seed of forage crops, green manure crops, sugar beet and 
vegetables is grown, but a general manual dealing with the seed production of these 
crops had not yet been written. It is much to be welcomed that the authors have filled 
this gap. 

The book treats large scale seed production. With respect to contract growing the 
rigorous selection practised on breeding establishments is not discussed, but only the 
multiplication to commercial seed. As contract growing of varieties of many horticul- 
tural plants takes place chiefly on farms these crops are included. 

The description of the seed production of the various crops contains data on the 
extent and the methods of cultivation, on varieties and on yields. The control of pests 
and diseases is also referred to, and in many cases the characters of the varieties are 
presented in conveniently arranged tables. 

This richly illustrated volume is a valuable addition to our technical literature. 


SWAMINATHAN, M. S. and Howarp, H. W., The cytology and genetics of the 
potato (Solanum tuberosum) and related species. Bibliographia Genetica 16 
(1953): 1-192. Martinus Nijhoff, ’s-Gravenhage, f 18,—. 


Since FRUWIRTH published “Die Genetik der Kartoffel” (Bibliographia Genetica 1, 
1925) more has become known about inheritance in the potato and much has been 
accomplished in the field of breeding disease-resistant potatoes, particularly by using 
wild species as sources of resistance. 

The main difference between FRUWIRTH’s bibliography and the present work is that 
the authors have included cytology in their review. The comprehensive reference list 
has 37 pages. 

That at the moment of the appearance of this literature study important progress has 
again been realized is not a defect of this review, but an indication that the potato plant 
commands much interest. The bibliography compiled by SWAMINATHAN and HOWARD 
constitutes an important source of reference for all those active in the sphere of potato 
breeding. 
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BANGA, O., Veredeling in de practijk (Plant breeding in practice). Instituut voor 
de Veredeling van Tuinbouwgewassen, Wageningen, Mededeling 54 (1953): 9-18. 


At the Vegetable Plant Breeding Day 1953 BANGA pointed out that breeding should 
not aim only at refinement, but that it should suit the purpose for which the selections 
are intended. The new laboratory for physiological research on varieties of the Insti- 
tute of Horticultural Plant Breeding at Wageningen enables us to test varieties and se- 
lections for adaptability to certain climates. Two other important items in the breeding 
programme are the improvement of disease resistance and of processing and storage 
quality. 

The author discusses the advantages and disadvantages of mass-selection. From 
mass-selection or with mass-selection as a background, three groups of methods have 
been developed, viz., methods of rendering the populations ripe for selection, methods 
of selecting good genotypes and methods of breeding hybrid varieties. 

The use of various methods, the materials used for isolation, and the application of 
flies, bees and bumble-bees in small spaces, are discussed. 


Kouderesistentie en koudebehoefte van tarwerassen (Cold resistance and cold 
requirement of wheat varieties). Stichting Cocobro, Wageningen, Technisch Be- 
richt 5, 1952, 78 pp. en 18 pp. bijlagen (Foundation Cocobro, Wageningen, Techni- 
cal Bulletin, 5, 1952, 78 pp. and 18 pp. supplements). 


The first report of the working party “Cold Resistance Research” contains the 
following articles: 
WITTENROOD, H. G. and BROEKHUIZEN, S., Investigation in the cold resistance of va- 
rious wheat varieties; result of freezing tests made in 1951. 
DANTUMA, G., Points to be considered in determining cold resistance in wheat. 
DANTUMA, G., Investigations into the cold requirement of various wheat varieties; re- 
sults of seeding time trials made in 1951. 
DANTUMA, G., The relation between cold resistance and cold requirement. 
WITTENROOD, H. G., Cold resistance and cold requirement in connection with the 
development of the wheat plant. 
DANTUMA, G., Grain size and seeding time. 
FEEKES, W., The value of seeding time trial for breeding work. 
SANDE BAKHUYZEN, H. L. VAN DE j, Cold resistance in relation to jarovization and 
hardening. Problems for future investigation. 
The articles have an extensive summary in French. 
Supplement 1 gives a table reviewing the results obtained. Supplement 2 presents a 
scale for determining the morphological development of wheat (according to FEEKES). 
A second report, which will deal with the entire problem of cold resistance and win- 
ter hardiness, is in preparation. 


KRONENBERG, Hester G., Veredeling van kleinfruit in de Verenigde Staten van 
Amerika (Small fruit breeding in the U.S.A). Mededelingen Directeur van de 
Tuinbouw 16 (1953): 39-52, 105-113, 253-265. 
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The paper is the result of a study tour to the U.S.A. made in 1951. In a series of 
articles on small fruit breeding the author gives a description of the general breeding 
purposes and the breeding work on strawberries, raspberries, blackberries, blueberries 
and cranberries. The articles are richly illustrated and literature lists are appended. 


SNEEP, J., Perspectieven van recent veredelingswerk bij enige kool- en bladge- 
wassen (Prospects of recent breeding work on some brassicas and leafy vegetables). 
Instituut voor de Veredeling van Tuinbouwgewassen, Wageningen, Mededeling 
54 (1953): 19-28. 


The possibilities of selfing and the prospects offered are discussed for cauliflower, 
Brussels sprouts, endive, witloof and asparagus. Undesirable recessive characters can 
be eliminated by inbreeding, whilst uniformity is often rapidly increased. 

At present the Institute of Horticultural Plant Breeding has more than 400 asparagus 
plants homozygous for the male sex. The seed of inter-planted female plants produces 
exclusively male plants, which are considerably higher yielding. 

The author refers to the breeding of a lettuce variety resistant to downy mildew. 
Also efforts are being made to breed varieties that do not transmit the Lactuca virus | 
by seed. Much progress has been made in breeding of a white cabbage that is not sus- 
ceptible to club-root. 


TERMOHLEN, G. P., Het kweken op schurftresistentie bij appel en peer (Scab 
resistance of apple and pear). Mededelingen Directeur van de Tuinbouw 16 
(1953): 519-532. 


This paper mainly deals with apple scab resistance. Crosses between wild Malus 
species and cultivated varieties and also progenies of open-pollinated cultivated va- 
rieties are chiefly employed. The Malus species used for this purpose include: M. flori- 
bunda, M. micromalus, M. prunifolia, M. pumila, M. atrosanguinea. The cultivated 
varieties chosen are of local interest. 

The seedlings are inoculated with a spore suspension in an inoculation chamber 
under optimum growth conditions for the fungus. Only the resistant seedlings are 
retained and backcrossed. 

The inheritance and origin of resistance are briefly discussed. Some resistance to 
scab may be simply inherited. The resistance is probably due to unknown substances 
of the leaf. 

It is of great importance to broaden as much as possible the base of the resistance. 
This can be done by crossing resistant Malus species with cultivated varieties. 


WASSCHER, J., Hoe zijn de variëteiten van de bloemisterijgewassen ontstaan? 
(What is the origin of the flower varieties?). Mededelingen Directeur van de 
Tuinbouw 16 (1953): 473-486. 

New varieties can be obtained by selection in populations and by hybridization or 
can originate from mutation. Heterotic varieties are now grown of Begonia semper- 
florens, Antirrhinum, Anemone and Petunia. 

Breeding for disease resistance has been done with Chinese asters (wilt), snapdragon 
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(rust) and carnations (Fusarium, bacterial wilt). Mutations mostly have reference to 
flower colour, sometimes to flower size, flower shape, mode of growth, or to physio- 


logical characters. 


In many vegetatively propagated plants the number of sports is very great, e.g. in 
begonias, chrysanthemums, carnations, roses, etc. Often groups of related sports 
play a great part, for instance in the carnations (the William Sim-family and the Betty 
Lou-family), in hot-house roses and begonias, etc. 

Artificial mutations are obtained in many bulbous plants by X-raying, by colchicine 
treatment, e.9. Phlox Drummondii, Tagetes, lilies, snapdragons, carnations and For- 


in 


sythia. 


NEWS ITEMS 


Dr N. H. H. ADDENS, Arnhem, has been named 
president of the Council of the Legislation on 
Plant Breeding at the Hague, the appointment 
becoming effective op 12 Dec. 1953. 


IR J. DiksTRA has been appointed on Febru- 
ary Ist 1954 as geneticist at the Foundation of 
Agricultural Plant Breeding at Wageningen. He 
is working with DR Wir, head of the division of 
grass and clover breeding. 


On 20 November 1953 Dr A. L. HAGEDOORN 
died at Amersfoort at the age of 68. 

During many years Dr HAGEDOORN was the 
soul of the Netherlands Genetical Association. 
His preoccupation with plant improvement was 
shown by the publication of Plant Breeding 
(London, 1950, 237 pp.). Problems related to 
animal breeding and eugenics always had great 
interest for him. 


Ir L. H. J. KorsTEN working at the division of 
grasses and clovers of the Foundation for Agri- 
cultural Plant Breeding at Wageningen has been 
appointed geneticist at the Breeding Station C.B., 
Hoofddorp, with effect from 1 Jan. 1954. 

Ir KorsTEN will do breeding work in clovers, 
turnips and sweet lupins with emphasis on 
disease resistance in these crops. Breeding for 
resistance to stem eelworm disease in rye will 
also be one of his objectives. 


Ir J. SNEEP, Head of the Division of Vegetables 
and Herbs, Institute ot Horticultural Plant Bree- 
ding at Wageningen, was appointed director of 
the Experiment Station for Vegetable Growing 
in the Open at Alkmaar and took over his new 
duties on 1 Oct. 1953, 
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At the Institute of Horticultural Plant Breed- 
ing, Wageningen, the department of Plant In- 
troduction changed from the hands of Mr C. J. 
GERRITSEN to those of Mr W. E. G. DE BRUIN. 
Mr GERRITSEN, who had in fact two departments, 
will now give all his energy to his breeding work 
in cherries, nuts and some minor plants. 


Mr J. M. ANDEWEG and Mr A. S. DE BRUYNE, 
research workers at the Institute of Horticultural 
Plant Breeding, Wageningen, were appointed 
assistant division heads in the division of variety 
research and plant breeding of this Institute. 


The Board of Management of the Dutch 
Association of Plant Breeders has been composed 
as follows: 


Dr Ir J. P. DUDOK VAN Heer, Naarden, Presi- 
dent. 

TH. BOERSMA, Groningen, Ist Vice-President. 

Ir D. iN °r Verp, Rotterdam, 2nd Vice-Presi- 
dent. 

Ir J. D. Bektus, Leeuwarden. 

Prof. Dr J. C. Dorst, Wageningen. 

Ir U. MaNsHorT, Westpolder (Gr). 

Ir J. MINDERHOUD, Wilhelminadorp (Goes). 

H. LEENDERS, Elandstraat 42, Den Haag, 
Secretary. 


The Board of the section Breeding Technique 
of the Dutch Association of Plant Breeders is 
composed as follows: 


Prof. Dr J C. Dorst, Wageningen, President. 

Ir W. A. ESCHAUZIER, Vlijmen. 

Ir G. P. A. v. D. EINDEN, Ottersum. 

Dr W. FEEKES, Groningen. 

Ir C.‚ KooPMaN, Hoofddorp. 

Ir J. Trip, Leeuwarden. 

Ir G. DANTUMA, Nude 66, Wageningen, Secre- 
tary. 


NEW ITEMS 


IN MEMORIAM L. A. VAN MELLE 


After many years residence in foreign coun- 
tries, LEENDERT ABRAHAM VAN MELLE joined the 
staff of the Institute of Agricultural Plant 
Breeding at Wageningen in Nov. 1945. He was 
in charge of documentation work for the library. 

MR VAN Merre (M.S. in genetics) has given 
linguistic assistance to the other members of the 
staff and with the prospect of his cooperation the 
Netherlands Study Centre of Plant Breeding be- 
gan publishing a journal of plant breeding in a 
language easily accessible to plant breeders and 
geneticists of the world at large. 


For Euphytica it was important to have the 
assistance of an authority in both genetics and 
phylology. MR VAN MELrE’s constructive criti- 
eism and helpfullness to others had an extensive 
influence on the contents of this journal. 

The photograph shows Mr VAN MELLE ex- 
plaining early experiments on flower induction 
with potatoes. Frequently he has given infor- 
mation to foreign visitors from all parts of the 
world. 

We are grateful for his advice and counsel, and 
hope to continue Euphytica in his spirit. 


L. A. VAN MELLE (July 9, 1904 — Febr. 18, 1954) 
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NOTES 


GEERT VEENHUIZEN FARM 


On the occasion of the centennial of agricultural association life in the Peat Moor Settlements 
on 17 December 1953 the memory of G. VEENHUIZEN, Netherlands’ great potato breeder, has 
been honored by giving the name “Geert Veenhuizen Hosve” to the Experiment farm at Borger- 


compagnie. 


AWARDING OF THE BROEKEMA PLAQUE 


The money raised by the Dutch agriculture on the occasion of late Prof. Dr L. BROEKEMA's 
retirement were destined in 1930 for the creation of the “Broekema Fund”. This fund is devoted to 
the advancement of field erop production and in particular to breeding varieties of field crops. It 
serves to further research work, to subsidizestudy trips abroad of students at the Agricultural University 
and awards the Broekema plaque to persons who have achieved merit in the field of plant breeding. 

The first plaque was awarded in 1930 to Dr L. BROEKEMA the originator of Wilhelmina wheat (and 
also of Juliana wheat, which was to spread widely later on). In subsequent years the Broekema plaque 
has been given to the following persons: H. W. KurN (1932), Dr J. G. OoRTWIJN Botjes (1938), 
Dr R. J. MANSHOLT (1947) and Dr J. C. DoRsT (1947). On 10 Dec. 1953 the prize was awarded to two 
breeders: 

P. J. HIJLKEMA at Mensingeweer (Gr.) for the creation of valuable varieties of field crops. 

Ir C. KooPMAN at Hoofddorp for his outstanding work in the field of plant breeding. 


FIG. 1. THE BROEKEMA PLAQUE WITH THE 
EFFIGY OF PROF. DR L. BROEKEMA, 
AWARDED IN 1953 TO IR C. KOOPMAN 
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PLANT BREEDING ABSTRACTS 


Plant Breeding Abstracts is a quarterly journal containing abstracts of current literature 
throughout the world. All publications having a direct or indirect bearing on the breeding 
of economic plants are mentioned. A large section is also devoted tó the genetics of micro- 
organisms such as fungi, bacteria and viruses. ; 

A special feature of Plant Breeding Abstracts is that works published in the more unfamiliar 
languages are abstracted extensively, so that readers are able, for instance, to follow the 
contributions of Japanese investigators to genetical and cytological theory, and to the 
improvement of special crops such as rice; and more controversial issues such as the 
recent discussions on genetics in the Soviet Union. During the last two years abstracts, in 
English, of articles written in some thirty different languages have been published. 
Readers are kept up to date concerning recent developments by two further sections: 
Book Reviews, and New Journals. 

An author and classified subject index are included in the subscription price for each volume. 
Plant Breeding Abstracts is produced and edited by the Commonwealth Bureau of Plant 
Breeding and Genetics, School of Agriculture, Cambridge, England on behalf of the 
Commonwealth Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks. Subscription rates are 60 s. per volume (with subject index), less 20% to subscribers 
in the British Commonwealth (other than recognized booksellers) who send their sub- 
scriptions direct. Orders may be placed through booksellers or sent to: 


Commonwealth Agricultural Bureaux, Farnham Royal, 
Central Sales Branch, nr. Slough, 
Farnbam House, BUCKS, England. 


Netherlands Journal of Agricultural Science 


Quarterly Journal Edited by: 
NEDERLANDS GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


_ Some Articles having appeared in Volume I (1953) or forthcoming in Volume II (1954): 


Agricultural value of awns in cereals 

Ionic exchange interrelations in soils and crops 

Effect of spacing and thinning on the yield of Cinchona 

Greffes de la branche dans la culture du caféier robusta 

Reclaiming land flooded with salt water 

Cost accounting and farm management analysis in the Netherlands 

Drainage problems in the Netherlands d 

Analysis and interpretation of aerial photographs in soil survey and land 
classification 5 

The Lelydorp plan, a project of agricultural development in Surinam 


Annual subscription price: Dutch guilders f 16 — (£ 1.10 or $ 4.25). 
The journal is issued four times a year in annual volumes of about 300 pages. 


For particulars on specimen copies or subscriptions write to: 
Dr J. ADOLPHINE FRAHM-LELIVELD, Postbox 27, Wageningen, Holland 
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